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7DEOH�RI�&RQWHQWV��������������������������������������������������������������������������������������������������������������������������������������L
/LVW�RI�7DEOHV ��������������������������������������������������������������������������������������������������������������������������������������������Y
/LVW�RI�)LJXUHV ����������������������������������������������������������������������������������������������������������������������������������������� YL
���$EVWUDFW������������������������������������������������������������������������������������������������������������������������������������������������ ��
���3XUSRVH�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WDWHPHQW ����������������������������������������������������������������������� ��
����,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������������������������������������� ��
����3URMHFW�2EMHFWLYHV ���������������������������������������������������������������������������������������������������������������������������� ��
����6FRSH�DQG�$XWKRULW\ ����������������������������������������������������������������������������������������������������������������������� ��
����,VVXHV�IURP�WKH�3URSRVHG�+DUERU�([SDQVLRQ�3URMHFW ��������������������������������������������������������������� ��
������6DOLQLW\�������������������������������������������������������������������������������������������������������������������������������������������� ��
������'LVVROYHG�2[\JHQ��'2� �������������������������������������������������������������������������������������������������������������� ��
������,PSDFWV�WR�:HWODQGV�DQG�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH��61:5� ������������������� ��
������6WULSHG�%DVV ����������������������������������������������������������������������������������������������������������������������������������� ��
������6KRUWQRVH�6WXUJHRQ ���������������������������������������������������������������������������������������������������������������������� ��
������'UHGJHG�0DWHULDO�0DQDJHPHQW������������������������������������������������������������������������������������������������� ��
������,QGXVWULDO�DQG�3RWDEOH�:DWHU�5HVRXUFHV ���������������������������������������������������������������������������������� ��
������&XOWXUDO�5HVRXUFHV ����������������������������������������������������������������������������������������������������������������������� ��
���$OWHUQDWLYHV����������������������������������������������������������������������������������������������������������������������������������������� ��
����2YHUYLHZ�RI�$OWHUQDWLYHV��������������������������������������������������������������������������������������������������������������� ��
����$OWHUQDWLYHV�&RQVLGHUHG����������������������������������������������������������������������������������������������������������������� ��
����&RPPRQ�)HDWXUHV�RI�DOO�$OWHUQDWLYHV ������������������������������������������������������������������������������������������ ��
����:LWKRXW�3URMHFW�$OWHUQDWLYH����������������������������������������������������������������������������������������������������������� ��
������'UHGJLQJ����������������������������������������������������������������������������������������������������������������������������������������� ��
������'LVSRVDO�6LWHV �������������������������������������������������������������������������������������������������������������������������������� ��
����1DYLJDWLRQ�,PSURYHPHQW�$OWHUQDWLYHV�&RQVLGHUHG�LQ�'HWDLO ������������������������������������������������ ��
������,QQHU�+DUERU�'UHGJLQJ���������������������������������������������������������������������������������������������������������������� ��
������(QWUDQFH�&KDQQHO�'UHGJLQJ������������������������������������������������������������������������������������������������������� ��
����6HGLPHQW�&KDUDFWHULVWLFV���������������������������������������������������������������������������������������������������������������� ��
������8SSHU�+DUERU�5HDFK �������������������������������������������������������������������������������������������������������������������� ��
������/RZHU�+DUERU�5HDFK �������������������������������������������������������������������������������������������������������������������� ��
������-RQHV�2\VWHUEHG�5HDFK ���������������������������������������������������������������������������������������������������������������� ��
������(QWUDQFH�&KDQQHO�������������������������������������������������������������������������������������������������������������������������� ��
����&RPSDUDWLYH�,PSDFWV�RI�$OWHUQDWLYHV������������������������������������������������������������������������������������������ ��
������1DWLRQDO�(FRQRPLF�'HYHORSPHQW��1('��3ODQ ����������������������������������������������������������������������� ��
������/RFDOO\�3UHIHUUHG�3ODQ��/33�������������������������������������������������������������������������������������������������������� ��
���$IIHFWHG�(QYLURQPHQW ���������������������������������������������������������������������������������������������������������������������� ��
����(QYLURQPHQWDO�6HWWLQJ�DQG�1DWXUDO�5HVRXUFHV ������������������������������������������������������������������������� ��
������/RFDWLRQ ������������������������������������������������������������������������������������������������������������������������������������������ ��
������*HRJUDSK\�������������������������������������������������������������������������������������������������������������������������������������� ��
������*HRORJ\�DQG�6RLOV������������������������������������������������������������������������������������������������������������������������� ��
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������+\GURORJ\ �������������������������������������������������������������������������������������������������������������������������������������� ��
������7LGDO�+\GUDXOLFV ��������������������������������������������������������������������������������������������������������������������������� ��
������&OLPDWH�������������������������������������������������������������������������������������������������������������������������������������������� ��
������:DWHU�6XSSO\ ��������������������������������������������������������������������������������������������������������������������������������� ��
����:DWHU�4XDOLW\ ����������������������������������������������������������������������������������������������������������������������������������� ��
������5HVXVSHQVLRQ�RI�5LYHU�6HGLPHQWV��������������������������������������������������������������������������������������������� ��
������+LVWRULF�6DOLQLW\�&RQGLWLRQV������������������������������������������������������������������������������������������������������� ��
������3UHVHQW�6DOLQLW\�&RQGLWLRQV�������������������������������������������������������������������������������������������������������� ��
������3UHVHQW�'LVVROYHG�2[\JHQ��'2��&RQGLWLRQV �������������������������������������������������������������������������� ��
������6RXWK�&DUROLQD�6WDQGDUGV ����������������������������������������������������������������������������������������������������������� ��
������*HRUJLD�6WDQGDUGV ������������������������������������������������������������������������������������������������������������������������ ��
������6WDWH�:DWHU�4XDOLW\�&HUWLILFDWLRQV �������������������������������������������������������������������������������������������� ��
����$LU�4XDOLW\ ���������������������������������������������������������������������������������������������������������������������������������������� ��
����3DVW�,PSURYHPHQWV�DQG�7KHLU�,PSDFW�RQ�([LVWLQJ�5HVRXUFHV ������������������������������������������������ ��
������)HGHUDO�3URMHFW�,PSURYHPHQWV ��������������������������������������������������������������������������������������������������� ��
������1RQ�)HGHUDO�3URMHFW�,PSURYHPHQWV ������������������������������������������������������������������������������������������ ��
������6HFWLRQ������3URMHFW ���������������������������������������������������������������������������������������������������������������������� ��
����1HDUVKRUH�(QYLURQPHQW ����������������������������������������������������������������������������������������������������������������� ��
������1HDUVKRUH�7LGHV��&XUUHQWV��DQG�:DYHV ������������������������������������������������������������������������������������ ��
������1HDUVKRUH�%DFNJURXQG�:DWHU�4XDOLW\ ������������������������������������������������������������������������������������� ��
������1DWLYH�0DULQH�6SHFLHV����������������������������������������������������������������������������������������������������������������� ��
����6HGLPHQW�4XDOLW\����������������������������������������������������������������������������������������������������������������������������� ��
����+D]DUGRXV�DQG�7R[LF�:DVWHV��������������������������������������������������������������������������������������������������������� ��
����)LVKHULHV��������������������������������������������������������������������������������������������������������������������������������������������� ��
������6WULSHG�%DVV�%DFNJURXQG ������������������������������������������������������������������������������������������������������������ ��
������+LVWRULFDO�(IIHFWV�RI�7LGH�*DWH�DQG�1HZ�&XW�RQ�6WULSHG�%DVV�6SDZQLQJ�LQ�WKH
6DYDQQDK�5LYHU �������������������������������������������������������������������������������������������������������������������������������������� ��
������6SDZQLQJ��-XYHQLOH��DQG�1XUVHU\�+DELWDW������������������������������������������������������������������������������� ��
������$GXOW�+DELWDW��������������������������������������������������������������������������������������������������������������������������������� ��
������([LVWLQJ�&RQFHUQV ������������������������������������������������������������������������������������������������������������������������� ��
����)ORUD�DQG�)DXQD�������������������������������������������������������������������������������������������������������������������������������� ��
������:LOGOLIH�5HVRXUFHV ����������������������������������������������������������������������������������������������������������������������� ��
������0LJUDWRU\�%LUGV ����������������������������������������������������������������������������������������������������������������������������� ��
������7KUHDWHQHG�DQG�(QGDQJHUHG�6SHFLHV������������������������������������������������������������������������������������������
������*HRUJLD�3URWHFWHG�6SHFLHV��������������������������������������������������������������������������������������������������������� ���
������6RXWK�&DUROLQD�3URWHFWHG�6SHFLHV�������������������������������������������������������������������������������������������� ���
�����:HWODQGV���([LVWLQJ�&RQGLWLRQV������������������������������������������������������������������������������������������������� ���
�������(FRORJLFDO�6WXG\�DQG�,WV�5HODWLRQVKLS�WR�3UHYLRXV�6WXGLHV ��������������������������������������������� ���
�������0HWKRGRORJ\������������������������������������������������������������������������������������������������������������������������������ ���
�������5HVXOWV����������������������������������������������������������������������������������������������������������������������������������������� ���
�������6XPPDU\ ������������������������������������������������������������������������������������������������������������������������������������ ���
�����+LVWRULFDO�2YHUYLHZ�DQG�'HVFULSWLRQ�RI�+LVWRULF�3URSHUWLHV ��������������������������������������������� ���
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�������+LVWRULF�3URSHUWLHV�������������������������������������������������������������������������������������������������������������������� ���
�������6LJQLILFDQW�&XOWXUDO�5HVRXUFH�,QYHVWLJDWLRQV ��������������������������������������������������������������������� ���
�������,GHQWLILHG�+LVWRULFDO�3URSHUWLHV ��������������������������������������������������������������������������������������������� ���
�����6SHFLDO�5HVRXUFHV�RI�&RQFHUQ ��������������������������������������������������������������������������������������������������� ���
�������6DYDQQDK�5HIXJH�:HWODQGV��([LVWLQJ�&RQGLWLRQV�������������������������������������������������������������� ���
�������7\EHH�1DWLRQDO�:LOGOLIH�5HIXJH ������������������������������������������������������������������������������������������� ���
�������2FHDQ�'UHGJHG�0DWHULDO�'LVSRVDO�6LWH�������������������������������������������������������������������������������� ���
�������&RDVWDO�%DUULHU�5HVRXUFHV�$FW��&%5$� ��������������������������������������������������������������������������������� ���
�����5HODWLRQVKLS�RI�3URSRVHG�3URMHFW�WR�3UHYLRXV�DQG�&XUUHQW�6WXGLHV���������������������������������� ���
�������:DWHUZD\V�'UHGJHG�0DWHULDO�&RQWDLQPHQW�$UHDV�6WXG\ ������������������������������������������������ ���
�������$JLWDWLRQ�'UHGJLQJ�6WXGLHV���������������������������������������������������������������������������������������������������� ���
�������%DFN�5LYHU�:HWODQG�9HJHWDWLRQ�6WXG\��������������������������������������������������������������������������������� ���
�������5HODWLRQVKLS�WR�&XUUHQW�$FWLRQV�������������������������������������������������������������������������������������������� ���
�����3UHYLRXV�(QYLURQPHQWDO�5HYLHZ ���������������������������������������������������������������������������������������������� ���
�����)XWXUH�&RQGLWLRQV�:LWKRXW�WKH�3URMHFW ����������������������������������������������������������������������������������� ���
�������(QYLURQPHQW ������������������������������������������������������������������������������������������������������������������������������ ���
���(QYLURQPHQWDO�&RQVHTXHQFHV������������������������������������������������������������������������������������������������������� ���
����(QYLURQPHQWDO�(IIHFWV�RI�'UHGJHG�0DWHULDO�0DQDJHPHQW�$OWHUQDWLYHV���������������������������� ���
������:LWKRXW�3URMHFW�$OWHUQDWLYH������������������������������������������������������������������������������������������������������ ���
������([SDQVLRQ�$OWHUQDWLYHV�������������������������������������������������������������������������������������������������������������� ���
������&RDVWDO�(URVLRQ���������������������������������������������������������������������������������������������������������������������������� ���
����%HQWKLF�/RVVHV�DW�'UHGJHG�$UHDV ����������������������������������������������������������������������������������������������� ���
����:DWHU�4XDOLW\ ��������������������������������������������������������������������������������������������������������������������������������� ���
������6DOLQLW\������������������������������������������������������������������������������������������������������������������������������������������ ���
������'LVVROYHG�2[\JHQ��'2� ������������������������������������������������������������������������������������������������������������ ���
����:DWHU�6XSSO\�6RXUFHV������������������������������������������������������������������������������������������������������������������� ���
������*URXQG�:DWHU������������������������������������������������������������������������������������������������������������������������������ ���
������,PSDFWV�WR�&LW\�RI�6DYDQQDK�6XUIDFH�:DWHU�6XSSO\������������������������������������������������������������ ���
����)LVKHULHV������������������������������������������������������������������������������������������������������������������������������������������� ���
������6WULSHG�%DVV ��������������������������������������������������������������������������������������������������������������������������������� ���
����)ORUD�DQG�)DXQD������������������������������������������������������������������������������������������������������������������������������ ���
������,PSDFWV�WR�6KRUWQRVH�6WXUJHRQ ������������������������������������������������������������������������������������������������ ���
����:HWODQGV������������������������������������������������������������������������������������������������������������������������������������������ ���
������'LUHFW�:HWODQG�,PSDFWV������������������������������������������������������������������������������������������������������������� ���
������&RPSHQVDWRU\�0LWLJDWLRQ�IRU�'LUHFW�:HWODQG�,PSDFWV ������������������������������������������������������ ���
������6HFRQGDU\�,PSDFWV���������������������������������������������������������������������������������������������������������������������� ���
����$GMDFHQW�6KRUHOLQHV ���������������������������������������������������������������������������������������������������������������������� ���
������3RWHQWLDO�IRU�3URMHFW�5HODWHG�$GMDFHQW�%HDFK�,PSDFWV�������������������������������������������������������� ���
������:DYH�5HIUDFWLRQ�'LIIUDFWLRQ�0RGHO ��������������������������������������������������������������������������������������� ���
������&XOWXUDO�5HVRXUFHV ��������������������������������������������������������������������������������������������������������������������� ���
����(QYLURQPHQWDO�-XVWLFH������������������������������������������������������������������������������������������������������������������� ���
�����3URFHVV�WR�'HYHORS�WKH�)LQDO�0LWLJDWLRQ�3ODQ������������������������������������������������������������������������ ���



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�LY�RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ 7$%/(�2)�&217(176

���5HODWLRQVKLS�WR�)HGHUDO�DQG�6WDWH�$XWKRULWLHV��������������������������������������������������������������������������� ���
���1(3$�&RPSOLDQFH��������������������������������������������������������������������������������������������������������������������������� ���
����6FRSLQJ �������������������������������������������������������������������������������������������������������������������������������������������� ���
����&RRUGLQDWLRQ����������������������������������������������������������������������������������������������������������������������������������� ���
����3XEOLF�5HYLHZ��������������������������������������������������������������������������������������������������������������������������������� ���
������5HYLHZ�RI�)HDVLELOLW\�5HSRUW�DQG�(,6������������������������������������������������������������������������������������� ���
������'UDIW�5HSRUW�5HYLHZ�3URFHVV���������������������������������������������������������������������������������������������������� ���
������5HVSRQVH�WR�&RPPHQWV ������������������������������������������������������������������������������������������������������������� ���
����5HPDLQLQJ�3URFHVV ������������������������������������������������������������������������������������������������������������������������ ���
���3UHSDUHUV �������������������������������������������������������������������������������������������������������������������������������������������� ���
���5HIHUHQFHV ����������������������������������������������������������������������������������������������������������������������������������������� ���
����,QGH[������������������������������������������������������������������������������������������������������������������������������������������������� ���
(QFORVXUH�$��%LRORJLFDO�$VVHVVPHQW�RI�7KUHDWHQHG�DQG�(QGDQJHUHG�6SHFLHV
(QFORVXUH�%��6HFWLRQ�����E�����(YDOXDWLRQ�RI�'UHGJH�DQG�)LOO�0DWHULDO
(QFORVXUH�&��6HFWLRQ�����(YDOXDWLRQ
(QFORVXUH�'��6LWH�0DQDJHPHQW�3ODQ�IRU�2FHDQ�'LVSRVDO�6LWH
(QFORVXUH�(��)HGHUDO�&RQVLVWHQF\�'HWHUPLQDWLRQ
(QFORVXUH�)¦+LVWRULF�3UHVHUYDWLRQ�$FW�&RPSOLDQFH�'RFXPHQWV
(QFORVXUH�*��(FRORJLFDO�6WXG\
(QFORVXUH�+¦5HVSRQVHV�WR�&RPPHQWV��8QGHU�VHSDUDWH�FRYHU�



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�Y�RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ /,67�2)�7$%/(6

/LVW�RI�7DEOHV
7DEOH�����$OWHUQDWLYH�'UHGJLQJ�4XDQWLWLHV�%\�5HDFK����������������������������������������������������������������������
7DEOH�����(VWLPDWHG�9ROXPH�RI�,QQHU�+DUERU�0DWHULDO�LQ�1HZ�:RUN�3ULVP������������������������������
7DEOH�����'LVSRVDO�$UHD�&DSDFLW\�5HTXLUHG�IRU�'HHSHQLQJ�����������������������������������������������������������
7DEOH�����6XPPDU\�RI�6HGLPHQW�6DPSOHV�&ROOHFWHG�ZLWKLQ�WKH�(QWUDQFH�&KDQQHO������������������
7DEOH�����6XPPDU\�RI�(QYLURQPHQWDO�,PSDFWV ���������������������������������������������������������������������������������
7DEOH�����0D[LPXP��0HDQ��DQG�0LQLPXP�5LYHU�'LVFKDUJH�DW�&O\R��50������FXELF�IHHW�SHU

VHFRQG� �����������������������������������������������������������������������������������������������������������������������������������������������
7DEOH�����6DOLQLW\��SSW��/HYHOV�2YHU�7LPH�7KURXJK�+DUERU�0RGLILFDWLRQV��������������������������������
7DEOH�����6DOLQLW\�(YHQWV�$ERYH�����SSW�DW�(DFK�6WDWLRQ���SHUFHQW�RI�7LPH���������������������������������
7DEOH�����5HVXOWV�RI�6WDWLVWLFDO�$QDO\VLV�RI�5HJUHVVLRQ�/LQHV ��������������������������������������������������������
7DEOH�����5HVXOWV�RI�6WDWLVWLFDO�$QDO\VLV�RI�5HJUHVVLRQ�/LQHV�%DVHG�RQ�'DLO\�0D[LPXPV������
7DEOH�����&RQWLQXRXV�0RQLWRULQJ�6WDWLRQ�/RFDWLRQV �����������������������������������������������������������������������
7DEOH�����6DOLQLW\�'DWD�IRU�(QWLUH�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH�����6DOLQLW\�'DWD�IRU�(QWLUH�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH�����6DOLQLW\�'DWD�IRU�(QWLUH�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH������6DOLQLW\�'DWD�IRU�+LJK�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH������6DOLQLW\�'DWD�IRU�+LJK�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH������6DOLQLW\�'DWD�IRU�+LJK�7LGH���'D\�����WR�'D\����� ��������������������������������������������������������
7DEOH������12$$�3XEOLVKHG�7LGDO�&XUUHQWV �������������������������������������������������������������������������������������
7DEOH������3HUFHQW�RI�:DYHV�3UHGLFWHG�LQ�:,6�6WXG\�E\���°�&RPSDVV�6HFWRU����������������������������
7DEOH�������7ROHUDQFH��1XPHUDWRU��DQG�2SWLPXP�5DQJH��'HQRPLQDWRU� �����������������������������������
7DEOH������(JJV�&ROOHFWHG�LQ�6DYDQQDK�5LYHU���������� �����������������������������������������������������������������
7DEOH������$FUHDJH�RI�%LUG�+DELWDW ������������������������������������������������������������������������������������������������������
7DEOH������)HGHUDOO\�/LVWHG�7KUHDWHQHG�DQG�(QGDQJHUHG�6SHFLHV�������������������������������������������������
7DEOH������6WDWH�/LVWHG�6SHFLHV�3RVVLEO\�2FFXUULQJ�LQ�&KDWKDP�&RXQW\ �����������������������������������
7DEOH������(QGDQJHUHG�DQG�7KUHDWHQHG�$QLPDOV�LQ�-DVSHU�&RXQW\��6RXWK�&DUROLQD���������������
7DEOH�����0RGHO�6LPXODWLRQ�&ULWHULD�IRU�6WULSHG�%DVV��������������������������������������������������������������������
7DEOH������([LVWLQJ�%RWWRP�6DOLQLW\�DW�������FIV ��������������������������������������������������������������������������������
7DEOH�����6DOLQLW\�)ORZ�5DWH�&RPSDULVRQ �����������������������������������������������������������������������������������������
7DEOH������([LVWLQJ�'2�&RQGLWLRQ �������������������������������������������������������������������������������������������������������
7DEOH�����3UHGLFWHG�6DOLQLW\�IRU�,PSDFWHG�&RQGLWLRQ�DW�������FIV �������������������������������������������������
7DEOH�����3UHGLFWHG�%RWWRP�'2�IRU�WKH�'HHSHQHG�&RQGLWLRQ�DW�������FIV ����������������������������������
7DEOH������0RGHO�6LPXODWLRQ�&ULWHULD�IRU�6KRUWQRVH�6WXUJHRQ������������������������������������������������������
7DEOH�����([LVWLQJ�&RQGLWLRQ�0RGHO�6LPXODWLRQV�IRU�6DOLQLW\������������������������������������������������������
7DEOH�����([LVWLQJ�&RQGLWLRQ��'2�DW�6KRUWQRVH�6WXUJHRQ�-XYHQLOH�+DELWDWV ����������������������������
7DEOH������3UHGLFWHG�&RQGLWLRQ��%RWWRP�'2�DW�6KRUWQRVH�6WXUJHRQ�-XYHQLOH�+DELWDWV ���������
7DEOH�������+LJK�7LGH�6XUIDFH�6DOLQLW\�,PSDFWV�DW�������FIV ����������������������������������������������������������
7DEOH�����5HODWLRQVKLS�RI�$OWHUQDWLYHV�WR�)HGHUDO�(QYLURQPHQWDO�5HTXLUHPHQWV ��������������������



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�YL�RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ /,67�2)�),*85(6

/LVW�RI�)LJXUHV
�3ODFHG�LQ�WKH�EDFN�RI�6HFWLRQ���

)LJXUH���� 3URMHFW�/RFDWLRQ�0DS�6KRZLQJ�([LVWLQJ�DQG�3URSRVHG�1DYLJDWLRQ�3URMHFWV
�3ODFHG�LQ�WKH�EDFN�RI�6HFWLRQ���

)LJXUH���� /RFDWLRQ�RI�8SODQG�'UHGJH�6SRLO�'LVSRVDO�$UHDV
)LJXUH���� /RFDWLRQ�0DS��6DYDQQDK�+DUERU�%DU�&KDQQHO�DQG�2'0'6
)LJXUH���� $OWHUQDWLYH�'UHGJH�0DWHULDO�3ODFHPHQW�/RFDWLRQV

�3ODFHG�LQ�WKH�EDFN�RI�6HFWLRQ���
)LJXUH���� /RFDWLRQ�0DS�RI�86*6�0RQLWRULQJ�6WDWLRQV
)LJXUH���� 7LPH�/LQH�RI�0RGLILFDWLRQV�WR�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\
)LJXUH���� �����'DLO\�0HDQ�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0HDQ�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0HDQ�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0HDQ�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0D[LPXP�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0D[LPXP�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH���� �����'DLO\�0D[LPXP�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH����� �����'DLO\�0D[LPXP�6DOLQLWLHV��5HJUHVVLRQV�9HUVXV�0HDVXUHG�
)LJXUH����� ,QWHUFRPSDULVRQ�RI�5HJUHVVLRQV�8QGHU������&RQGLWLRQV�'DLO\�0HDQ

6DOLQLWLHV�
)LJXUH����� ,QWHUFRPSDULVRQ�RI�5HJUHVVLRQV�8QGHU������&RQGLWLRQV�'DLO\�0D[LPXP

6DOLQLWLHV�
)LJXUH�������D�/RFDWLRQ�RI�&RQWLQXRXV�0RQLWRULQJ�6WDWLRQV�(VWDEOLVKHG�IURP�-XO\�WKURXJK

6HSWHPEHU�����
)LJXUH�������E� /RFDWLRQ�RI�&RQWLQXRXV�&XUUHQW�0RQLWRULQJ�6WDWLRQV�(VWDEOLVKHG�IURP

-XO\�WKURXJK�6HSWHPEHU�����
)LJXUH�������D�E� /RFDWLRQ�RI�6\QRSWLF�6DPSOLQJ�6WDWLRQV�0RQLWRUHG�LQ�$XJXVW�DQG

6HSWHPEHU�����
)LJXUH����� /RFDWLRQ�RI�0DUVK�6DPSOLQJ�6WDWLRQV�0RQLWRUHG�LQ�$XJXVW�DQG�6HSWHPEHU

����
)LJXUH����� )ORZ�0HDVXUHG�DW�&O\R�*DJLQJ�6WDWLRQ�'XULQJ�-XO\�6HSWHPEHU�'DWD

&ROOHFWLRQ
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLWLHV�$ORQJ�WKH�)URQW�

0LGGOH��DQG�/LWWOH�%DFN�5LYHUV��$YHUDJH�)ORZ� �������FIV�
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLWLHV�$ORQJ�WKH�)URQW�

0LGGOH��DQG�/LWWOH�%DFN�5LYHUV��$YHUDJH�)ORZ� �������FIV�
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLWLHV�$ORQJ�WKH�)URQW�

0LGGOH��DQG�/LWWOH�%DFN�5LYHUV��$YHUDJH�)ORZ� �������FIV�
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLWLHV�$ORQJ�WKH�)URQW�

0LGGOH��DQG�/LWWOH�%DFN�5LYHUV��$YHUDJH�)ORZ� �������FIV�
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9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ /,67�2)�),*85(6

)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLWLHV�$ORQJ�WKH�)URQW�
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)LJXUH����� %RWWRP�DQG�6XUIDFH�6DOLQLW\�DW�6WDWLRQ�*3$�����5LYHU�0LOH����
)LJXUH����� /RQJLWXGLQDO�6DOLQLW\�6WUDWLILFDWLRQ
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�3HUFHQWLOH�RI�-XO\�$XJXVW�6HSWHPEHU�����

'LVVROYHG�2[\JHQ�&RQFHQWUDWLRQV�$ORQJ�WKH�)URQW��0LGGOH��DQG�/LWWOH�%DFN�5LYHUV
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7HPSHUDWXUHV�$ORQJ�WKH�)URQW��0LGGOH��DQG�/LWWOH�%DFN�5LYHUV
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI�'LVVROYHG�2[\JHQ�&RQFHQWUDWLRQ�%\�5LYHU�0LOH
)LJXUH����� 6WULSHG�%DVV�1XUVHU\�+DELWDW
)LJXUH����� 6KRUW�1RVH�6WXUJHRQ�1XUVHU\�+DELWDW
)LJXUH����� /RFDWLRQ�RI�4XDQWLWDWLYH�9HJHWDWLRQ�6WXG\�4XDGUDWV (VWDEOLVKHG�LQ�WKH

6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH
)LJXUH����� 'LDJUDP�RI�7\SLFDO�����IW�9HJHWDWLRQ�6DPSOLQJ�4XDGUDW�&RPSRVHG�RI���

&RQWLJXRXV�&RYHU�,QWHUYDOV���(QODUJHPHQW�RI�6LQJOH�&RYHU�,QWHUYDO�'HWDLOV�3ODFHPHQW
RI����&RQWLJXRXV���[���IW�)UHTXHQF\�,QWHUYDOV�ZLWKLQ�(DFK�&RYHU�,QWHUYDO���$�7RWDO�RI
����)UHTXHQF\�,QWHUYDOV�LV�3UHVHQW�IRU�(DFK�����IW�4XDGUDW

)LJXUH����� 6XUIDFH�:DWHU�DQG�6RLO�6DOLQLW\�'DWD��SSW��'DWD�&RUUHVSRQGLQJ�WR�(DFK�RI�WKH
���4XDQWLWDWLYH�9HJHWDWLRQ�4XDGUDWV�/RFDWLRQV

)LJXUH����� /RFDWLRQV�RI�4XDOLWDWLYH�9HJHWDWLRQ�3ORWV�8VHG�WR�'HOLQHDWH�3ODQW
&RPPXQLW\�%RXQGDULHV�LQ�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH

)LJXUH����� 6SHFLHV�$UHD�&XUYH�2EWDLQHG�IURP�&XPXODWLYH�7RWDO�RI�6SHFLHV�2FFXUULQJ
IURP�0RVW�6DOLQH�WR�WKH�0RVW�)UHVKZDWHU�6LWH
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)LJXUH����� )UHTXHQF\�'LVWULEXWLRQV�RI�WKH�0RVW�&RPPRQ�6SHFLHV�(QFRXQWHUHG�LQ���
9HJHWDWLRQ�4XDGUDWV�(VWDEOLVKHG�LQ�WKH�8QLPSRXQGHG�0DUVK�RI�WKH�6DYDQQDK�1DWLRQDO
:LOGOLIH�5HIXJH

)LJXUH����� 6FKHPDWLF�RI�)UHTXHQF\�'LVWULEXWLRQV�RI�$OO�3ODQW�6SHFLHV�2FFXUULQJ�LQ
4XDGUDW�����(DFK�%DU�5HSUHVHQWV�1XPEHU�RI�)UHTXHQF\�,QWHUYDOV�2FFXSLHG�LQ�D�*LYHQ
���IW�&RYHU�,QWHUYDO���5DQJH�RI�9DOXHV�LV���WR���

)LJXUH����� 6RUHQVHQ�DQG�-DFFDUG�6LPLODULW\�&RHIILFLHQW�0DWUL[�2EWDLQHG�IURP�$OO
3RVVLEOH�&RPSDULVRQV�RI����4XDQWLWDWLYH�9HJHWDWLRQ�4XDGUDWV�(VWDEOLVKHG�LQ�WKH
6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH

)LJXUH����� *UDSKLF�,OOXVWUDWLRQ�RI�6RUHQVHQ�6LPLODULW\�&RHIILFLHQWV�2EWDLQHG�%\�$OO
3RVVLEOH�&RPSDULVRQV�RI����4XDQWLWDWLYH�9HJHWDWLRQ�4XDGUDWV���'LIIHUHQW�&RORUV
&RUUHVSRQG�WR���*HQHUDO�*URXSV�:KLFK�'LVSOD\�6LPLODU�,QGLFHV

)LJXUH����� :KLWWDNHU�3ORWV�RI�6SHFLHV�$EXQGDQFH�IRU�$OO�4XDQWLWDWLYH�4XDGUDWV���3ORWV
6KRZ�&KDQJH�LQ�6SHFLHV�$EXQGDQFH�'LVWULEXWLRQV�IURP�0RVW�6DOLQH�WR�/HDVW�6DOLQH
$UHDV�RI�WKH�0DUVK

)LJXUH����� &RPSDULVRQ�RI�6SHFLHV�$EXQGDQFH���6SHFLHV�5DQN�$EXQGDQFH�3ORWV
2EWDLQHG�IRU���&RPPRQ�4XDGUDW�$UHDV�0RQLWRUHG�E\�3HDUOVWLQH�HW�DO��������$��DQG
$70�������%�

�3ODFHG�LQ�WKH�EDFN�RI�6HFWLRQ���
)LJXUH���� 0RGHO�*ULG
)LJXUH���� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH���� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH���� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�6XUIDFH�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�DW�+LJK�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH���� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH���� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH��� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�6XUIDFH�6DOLQLW\�8QGHU�D�)ORZ�RI������FIV

&DOFXODWHG�DW�+LJK�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH����� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI��������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH��� &RQWRXU�3ORW�RI���WK�3HUFHQWLOH�%RWWRP�6DOLQLW\�8QGHU�D�)ORZ�RI��������FIV

&DOFXODWHG�RYHU�(QWLUH�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH����� &RQWRXU�SORW�RI���WK�3HUFHQWLOH�6XUIDFH�6DOLQLW\�8QGHU�D�)ORZ�RI��������FIV

&DOFXODWHG�DW�+LJK�7LGH��([LVWLQJ��3URSRVHG��0LGGOH�5LYHU�&ORVXUH�
)LJXUH����� /RQJLWXGLQDO�3URILOH�RI���WK�DQG���WK�3HUFHQWLOH�,PSDFWV�RQ�'LVVROYHG

2[\JHQ��������FIV�
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)LJXUH����� 3UHGLFWHG�&KDQJH�LQ�'LVVROYHG�2[\JHQ�DW�6HOHFWHG�3RLQWV�LQ�WKH�$UHD�RI�WKH
.LQJªV�,VODQG�7XUQLQJ�%DVLQ

)LJXUH����� 'LUHFW�,PSDFWV�$ORQJ�&KDQQHO�0DUJLQV
)LJXUH����� ([LVWLQJ�6DOLQLW\�&RQWRXUV�3UHVHQW�LQ�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH

DV�&DOFXODWHG�IRU�WKH���WK�3HUFHQWLOH�5DQJH�IRU�)ORZV�RI�������FIV���6DOLQLWLHV�DUH
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)LJXUH����� 3URMHFWHG�6DOLQLW\�&RQWRXUV�([SHFWHG�LQ�WKH�6DYDQQDK�5LYHU�$V�D�5HVXOW�RI
WKH�3URSRVHG�3URMHFW�����WK�3HUFHQWLOH�&RQFHQWUDWLRQV�DUH�*LYHQ�IRU�)ORZV�RI�������FIV
IRU�6WDJHV�([FHHGLQJ�����IW

)LJXUH����� ([SHFWHG�&KDQJHV�LQ�WKH�/RFDWLRQ�RI�WKH�����SSW�&RQWRXU�$IWHU�&KDQQHO
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)LJXUH����� /RFDWLRQ�RI�3RWHQWLDO�$FTXLVLWLRQ�3DUFHO
)LJXUH����� 3UH��3RVW�'UHGJH�6RXWKHDVW�$YHUDJH�:DYH�&RQGLWLRQ�:DYH

5HIUDFWLRQ�'LIIUDFWLRQ�'LDJUDP
)LJXUH����� :DYH�5HIUDFWLRQ�'LIIUDFWLRQ�'LDJUDP�IRU�3UH��3RVW�3ODFHPHQW�RI�D�1HDUVKRUH

)HHGHU�%HUP�IRU�DQ�(DVW�$YHUDJH�:DYH�&RQGLWLRQ
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�� $EVWUDFW

7KH�8��6��$UP\�&RUSV�RI�(QJLQHHUV��6DYDQQDK�'LVWULFW��LV�SURSRVLQJ�LPSURYHPHQWV
WR�WKH�H[LVWLQJ�QDYLJDWLRQ�IDFLOLWLHV�DW�6DYDQQDK�+DUERU��ORFDWHG�LQ�&KDWKDP�&RXQW\�
*HRUJLD�DQG�-DVSHU�&RXQW\��6RXWK�&DUROLQD��7KH�DOWHUQDWLYHV�EHLQJ�FRQVLGHUHG�DUH���
������RU���IRRW�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�IURP�FKDQQHO�6WDWLRQV��������QHDU
)RUW�3XODVNL��WR����������DERYH�WKH�.LQJV�,VODQG�7XUQLQJ�%DVLQ���D�GLVWDQFH�RI
��������ULYHU�IHHW���7KH�DXWKRUL]HG�GHSWK�IRU�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�LV��
���IHHW�0/:�IRU�WKH�LQQHU�KDUERU�DQG�²���IHHW�IRU�WKH�(QWUDQFH�&KDQQHO���7KH
(QWUDQFH�&KDQQHO��(&��RU�RFHDQ�FKDQQHO�SURSRVHG�IRU�GHHSHQLQJ�EHJLQV�DW�6WDWLRQ
������DQG�H[WHQGV�WR�D�PD[LPXP�OHQJWK�RI�DSSUR[LPDWHO\��������IHHW���7KH
PD[LPXP�SURSRVHG�SURMHFW�OHQJWK�LV�DSSUR[LPDWHO\����PLOHV�

7KH�´PD[LPXP�LPSDFWµ�DOWHUQDWLYH�LV�WKH����IRRW�SURMHFW���7KLV�7LHU�,�(,6�DVVHVVHV�WKH
SRWHQWLDO�LPSDFWV�RI�WKH�´PD[LPXP�LPSDFWµ�SURMHFW�DOWHUQDWLYH�RQ�ZHWODQGV�
HQGDQJHUHG�VSHFLHV��ILVKHULHV��EHQWKLF�FRPPXQLWLHV��ELUGV��PDULQH�PDPPDOV��ZDWHU
TXDOLW\��KLVWRULF�SURSHUWLHV��SRWDEOH�VXUIDFH�DQG�JURXQGZDWHU�UHVRXUFHV��7KHVH
DVVHVVPHQWV�DUH�EHLQJ�XVHG�WR�GHWHUPLQH�WKH�IHDVLELOLW\�RI�WKH�SURMHFW���7KH�PDMRU
LPSDFWV�WR�ELRORJLFDO�UHVRXUFHV�ZHUH�HYDOXDWHG�XVLQJ�D�FDOLEUDWHG�K\GURG\QDPLF
PRGHO�WKDW�SUHGLFWHG�FKDQJHV�WR�VDOLQLW\�DQG�GLVVROYHG�R[\JHQ�GXH�WR�WKH�PD[LPXP
ULYHU�GHHSHQLQJ��7KHVH�FKDQJHV�ZHUH�WKHQ�VWXGLHG�ZLWK�UHVSHFW�WR�WKH�VSHFLHV�RI
FRQFHUQ�DQG�WR�UHVRXUFHV�RI�VSHFLDO�VLJQLILFDQFH��HVSHFLDOO\�WR�WKH�6DYDQQDK�1DWLRQDO
:LOGOLIH�5HIXJH��61:5��ZHWODQGV���7KH�SURSRVHG�SURMHFW��WKH����IRRW�DOWHUQDWLYH�
ZLOO�UHVXOW�LQ�OHVV�LPSDFW�WKDQ�WKH����IRRW�DOWHUQDWLYH��ZKLFK�ZDV�HYDOXDWHG�LQ�GHWDLO��
)XUWKHU�DQDO\VHV�ZLOO�EH�SHUIRUPHG�LQ�WKH�&RQWLQXLQJ�(QJLQHHULQJ�DQG�'HVLJQ
�&('��SKDVH�WR�IXUWKHU�HYDOXDWH�LPSDFWV�DW�DOWHUQDWLYH�SURMHFW�GHSWKV�DQG�GHYHORS�D
ILQDO�PLWLJDWLRQ�SODQ��ZKLFK�ZLOO�EH�VXEMHFW�WR�WKH�7LHU�,,�(,6�

'LUHFW�LPSDFWV�WR�PDUVK�GXH�WR�GHHSHQLQJ�ZHUH�PLQLPL]HG�E\�WKH�VHOHFWHG�FKDQQHO
GHVLJQ�E\�H[WHQGLQJ�H[LVWLQJ�VLGH�VORSHV�WR�WKH�SURSRVHG�FKDQQHO�GHSWKV���7KH�RQO\
PDUVK�DUHDV�LPSDFWHG�E\�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�ZHUH�DW���EHQG
ZLGHQHUV���7KHVH�DUHDV��FRQVLVWLQJ�RI�OHVV�WKDQ���DFUHV��FRQWDLQ�VRPH�DPRXQW�RI
PDUVK��ZKLFK�PD\�EH�UHPRYHG�E\�WKH�SURMHFW���&RQVWUXFWLRQ�RI�DQ�LPSDFW�DYRLGDQFH
RSWLRQ��LQYROYLQJ�WKH�FORVXUH�RI�WKH�0LGGOH�5LYHU�IURP�WKH�)URQW�5LYHU�DQG�UH�
RSHQLQJ�1HZ�&XW��ZLOO�DOVR�UHVXOW�LQ�WKH�ORVV�RI����DFUHV�RI�PDUVK���7KH�LPSDFW�WR
WKHVH�PDUVKHV�ZLOO�EH�PLWLJDWHG�E\�FRQVWUXFWLRQ�RI�DGGLWLRQDO�PDUVK�DW�D�VLWH�WR�EH
LGHQWLILHG�ZLWKLQ�WKH�EDVLQ�

,Q�RUGHU�WR�DVVHVV�SRWHQWLDO�VHFRQGDU\�LPSDFWV�RI�VDOLQLW\�WR�IUHVKZDWHU�PDUVKHV�LQ
WKH�61:5��D�TXDQWLWDWLYH�SODQW�FRPPXQLW\�VWXG\�ZDV�FRQGXFWHG���7KH�VWXG\
VKRZHG�WKDW�WKH�H[LVWLQJ�ERXQGDU\�RI�WKH�GLYHUVH�IUHVKZDWHU�SODQW�FRPPXQLW\�KDV
QRW�FKDQJHG�GUDPDWLFDOO\�IURP�UHPRYDO�RI�WKH�7LGHJDWH�DV�SUHGLFWHG�E\�HDUOLHU
VWXGLHV���0RGHOLQJ�RI�SURMHFWHG�VDOLQLW\�FKDQJHV�FDXVHG�E\�WKH�GHHSHQLQJ�SURMHFW
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LQGLFDWH�WKDW�SURSRVHG�FKDQJHV�LQ�VDOLQLW\��HVSHFLDOO\�DORQJ�WKH�/LWWOH�%DFN�5LYHU��ZLOO
EH�OLPLWHG�DQG�QRW�DSSURDFK�WKH�VLJQLILFDQW�OHYHOV�H[SHULHQFHG�WKURXJK�RSHUDWLRQ�RI
WKH�7LGHJDWH���6LQFH�WKHUH�KDV�EHHQ�QR�VLJQLILFDQW�FKDQJH�LQ�YHJHWDWLRQ�VLQFH
RSHUDWLRQ�RI�WKH�7LGHJDWH��WKH�H[LVWLQJ�VDOW�WROHUDQW�VSHFLHV�DUH�XQOLNHO\�WR�FKDQJH�DV
D�UHVXOW�RI�WKLV�SURMHFW���7KH�SRWHQWLDO�LPSDFW�RI�WKH�SURMHFW�WR�IXWXUH��IUHVK�PDUVK
VXFFHVVLRQ�LV�DOVR�DGGUHVVHG���$�SRWHQWLDO�]RQH�RI�LPSDFW�ZDV�LGHQWLILHG�DQG�D
FKDUDFWHUL]DWLRQ�RI�H[LVWLQJ�YHJHWDWLRQ�ZLWKLQ�DQG�DGMDFHQW�WR�WKLV�]RQH�ZDV
SHUIRUPHG���7KH�(,6�SUHVHQWV�D�SODQ�WR�PLWLJDWH�SUHGLFWHG�ORVV�RI�IUHVKZDWHU
GLYHUVLW\�FDXVHG�E\�WKH�SURMHFW�E\�DFTXLULQJ�DGGLWLRQDO�IUHVKZDWHU�ZHWODQGV�DQG
DGMDFHQW�XSODQGV�IRU�WKH�61:5�

0RGHO�VLPXODWLRQV�RI�GLVVROYHG�R[\JHQ�DQG�VDOLQLW\�XQGHU�WKH�SURSRVHG�GHHSHQLQJ
GR�QRW�SUHGLFW�DGYHUVH�LPSDFWV�WR�VWULSHG�EDVV�VSDZQLQJ�UHFRYHU\�HIIRUWV�LQ�WKH�/LWWOH
%DFN�DQG�%DFN�5LYHUV���&RQFHUQV�UHJDUGLQJ�DQ�LQFUHDVH�LQ�VDOLQLW\�LQ�WKH�0LGGOH
5LYHU�DUH�EHLQJ�DGGUHVVHG�E\�WKH�FRQVLGHUDWLRQ�RI�D�QXPEHU�RI�DOWHUQDWLYHV��VXFK�DV
FORVLQJ�WKH�0LGGOH�5LYHU�RII�IURP�WKH�)URQW�5LYHU�DQG�UHRSHQLQJ�1HZ�&XW���7KHVH
DOWHUQDWLYHV�ZLOO�EH�VWXGLHG�LQ�GHWDLO�LQ�WKH�&('�SKDVH��$GGLWLRQDOO\��D�VWXG\�RI�WKH
K\GURG\QDPLF�DQG�ZDWHU�TXDOLW\�FRQGLWLRQV�DVVRFLDWHG�ZLWK�WKH�0LGGOH�5LYHU
FORVXUH�DQG�SRVVLEOH�IXWXUH�UHVWRUDWLRQ�RI�WKH�%DFN�5LYHU�WR�SUH�7LGHJDWH�FRQGLWLRQV
ZLOO�EH�SHUIRUPHG����7KH�SURSRVHG�SURMHFW�ZLOO�WDNH�VWHSV�WR�DYRLG��WKURXJK
PLWLJDWLRQ��'2�GHFUHDVHV�WKDW�PLJKW�FDXVH�DGYHUVH�LPSDFWV�WR�VKRUWQRVH�VWXUJHRQ�
DQ�HQGDQJHUHG�VSHFLHV��$�SUHOLPLQDU\�FRQFHSWXDO�HYDOXDWLRQ�RI�WHFKQRORJLHV��VXFK�DV
VXSSOHPHQWDO�DHUDWLRQ�DQG�DGYDQFHG�WUHDWPHQW�WR�UHGXFH�WKH�R[\JHQ�ORDGLQJ�LQ�WKH
5LYHU��VKRZ�WKDW�DYHUWLQJ�D�GHFUHDVH�LQ�'2�LV�WHFKQRORJLFDOO\�DQG�HFRQRPLFDOO\
IHDVLEOH��7KH�'2�PLWLJDWLRQ�PHDVXUHV�ZLOO�EH�VWXGLHG�DQG�HYDOXDWHG�LQ�GHWDLO�LQ�WKH
QH[W�SKDVH�RI�WKH�SURMHFW��7KH�SURMHFW�ZLOO�DOVR�LQFOXGH�D�VWXG\�RI�WKH�SRSXODWLRQ
G\QDPLFV�RI�WKH�VKRUWQRVH�VWXUJHRQ�LQ�WKH�6DYDQQDK�5LYHU��WKH�GDWDEDVH�RI�WKLV
VWXG\�PD\�EH�XVHG�LQ�WKH�IXWXUH�WR�PRQLWRU�WKH�FRQGLWLRQ�RI�VKRUWQRVH�VWXUJHRQ��7KH
(,6�SUHVHQWV�D�KDELWDW�H[WHQVLRQ�SODQ�IRU�WKH�VKRUWQRVH�VWXUJHRQ��E\�GHHSHQLQJ�WKH
3RUW�:HQWZRUWK�7XUQLQJ�%DVLQ��DQG�SURSRVHV�WKDW�DJHQF\�H[SHUWV�DVVLVW�LQ�WKH
HYDOXDWLRQ�RI�VXFK�KDELWDW�LPSURYHPHQW�SODQV�

7KHUH�LV�D�SRWHQWLDO�WR�LQFUHDVH�FKORULGH�OHYHOV�DW�WKH�&LW\�RI�6DYDQQDK�ZDWHU�LQWDNH
RQ�$EHUFRUQ�&UHHN�GXH�WR�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO���$EHUFRUQ�&UHHN�LV�D
WULEXWDU\�RI�WKH�6DYDQQDK�5LYHU��DSSUR[LPDWHO\���PLOHV�XSVWUHDP�RI�WKH�XSSHU�OLPLW
RI�WKH�SURMHFW���$�VWXG\�ZLOO�EH�FRQGXFWHG�GXULQJ�WKH�GHVLJQ�SKDVH�WR�HYDOXDWH�WKH
LPSDFW�WR�FKORULGH�OHYHOV�LQ�WKH�YLFLQLW\�RI�WKH�&LW\·V�LQWDNH���7KH�&LW\�KDV�LQGLFDWHG
WKDW�RQH�RSWLRQ�WR�PLWLJDWH�IRU�KLJKHU�FKORULGH�OHYHOV�ZRXOG�EH�WR�UHORFDWH�WKH�LQWDNH
IXUWKHU�XSVWUHDP�RQ�WKH�6DYDQQDK�5LYHU�LI�QHHGHG�
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$�VWXG\�RI�WKH�VXEVXUIDFH�DORQJ�WKH�FKDQQHO�KDV�VKRZQ�WKDW�WKH�)ORULGDQ�DTXLIHU�ZLOO
QRW�EH�EUHDFKHG�E\�WKH�SURSRVHG�DFWLRQ�DQG�WKDW�QR�WKUHDW�WR�WKH�JURXQGZDWHU
VRXUFHV�RI�6DYDQQDK�DUH�SRVHG�E\�WKH�SURMHFW�

,Q�WKH�6DYDQQDK�+DUERU��FXOWXUDO�UHVRXUFHV�LQFOXGH�ZUHFNV��KDUERU�PRGLILFDWLRQV�
WHUUHVWULDO�VLWHV��DQG�PLVFHOODQHRXV�DUWLIDFWV���7KHUH�LV�D�FRQFHUQ�WKDW�WKH�GHHSHQLQJ
PD\�HURGH�RU�HQGDQJHU�VRPH�RI�WKHVH�UHVRXUFHV���7KH�(,6�UHSRUWV�RQ�WKH�SRWHQWLDO
LPSDFWV�WR�FXOWXUDO�ODQGPDUNV�DQG�PHDVXUHV�UHTXLUHG�WR�VDIHJXDUG�WKH�UHVRXUFHV
IURP�DQ\�DGYHUVH�LPSDFW�

(QJLQHHULQJ�LQYHVWLJDWLRQV�RI�2OG�)RUW�-DFNVRQ�KDYH�GHWHUPLQHG�WKDW�WKH�SURSRVHG
GHHSHQLQJ�SURMHFW�ZLOO�DGYHUVHO\�DIIHFW�WKLV�UHVRXUFH���7KH�&�6�6��*HRUJLD�ZLOO�DOVR�EH
DIIHFWHG�E\�WKH�GHHSHQLQJ�SURMHFW���$FWLRQV�DUH�LQFOXGHG�LQ�WKH�SURSRVHG�SURMHFW�WR
SUHYHQW�SURMHFW�LQGXFHG�LPSDFWV�WR�2OG�)RUW�-DFNVRQ�DQG�WR�PLWLJDWH�DGYHUVH
LPSDFWV�WR�WKH�&�6�6��*HRUJLD�

7KH�SURSRVHG�SURMHFW�ZRXOG�DOORZ�IRU�LPSURYHG�YHVVHO�WUDIILF�DW�6DYDQQDK�+DUERU
DQG�ZRXOG�DOORZ�WKH�SRUW�WR�DFFRPPRGDWH�WKH�VKLSV�RI�WKH�IXWXUH��L�H���ODUJHU�DQG
QHZHU�YHVVHOV�ZLWK�D�FDSDFLW\�JUHDWHU�WKDQ�������7(8V�����)RRW�(TXLYDOHQW�8QLWV���
,QYHVWLJDWLRQV��PRVW�QRWDEO\�WKH�86$&(�)HDVLELOLW\�5HSRUW�DFFRPSDQ\LQJ�WKH�(,6�
KDV�LQGLFDWHG�WKDW�WKH�EHVW�PHWKRG�WR�DFFRPSOLVK�WKLV�JRDO�ZRXOG�EH�WKURXJK
FKDQQHO�GHHSHQLQJ�
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�� 3XUSRVH�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WDWHPHQW

��� ,QWURGXFWLRQ

7KH�*HRUJLD�3RUWV�$XWKRULW\��*3$��LV�HYDOXDWLQJ�WKH�IHDVLELOLW\�RI�GHHSHQLQJ�D
SRUWLRQ�RI�6DYDQQDK�+DUERU�WR�EHWWHU�VHUYH�WKH�HFRQRPLF�LQWHUHVWV�RI�ERWK�WKH�6WDWH
RI�*HRUJLD�DQG�WKH�HQWLUH�1DWLRQ���,I�GHHSHQLQJ�LV�IRXQG�WR�EH�IHDVLEOH��*3$�ZRXOG
OLNH�WKH�SURMHFW�WR�TXDOLI\�DV�D�)HGHUDO�1DYLJDWLRQ�3URMHFW���7R�GR�VR��WKH�VWXG\�PXVW
EH�VXEPLWWHG�WR�WKH�$VVLVWDQW�6HFUHWDU\�RI�WKH�$UP\�IRU�&LYLO�:RUNV��$6$�&:���
ZKR�ZRXOG�WKHQ�UHYLHZ�WKH�VWXG\�ILQGLQJV�DQG�PDNH�D�UHFRPPHQGDWLRQ�WR�WKH
8QLWHG�6WDWHV�&RQJUHVV�FRQFHUQLQJ�WKHLU�DXWKRUL]DWLRQ�RI�WKH�SURSRVHG�SURMHFW���7KLV
SURFHVV�LV�DOORZHG�XQGHU�6HFWLRQ�����RI�WKH�:DWHU�5HVRXUFHV�'HYHORSPHQW�$FW
�:5'$��RI��������2QH�RI�WKH�SURYLVLRQV�RI�WKDW�SURFHVV�LV�WKDW�WKH�VWXG\�PXVW�PHHW
DOO�DSSOLFDEOH�IHGHUDO�FULWHULD��VWDQGDUGV�DQG�UHJXODWLRQV��LQFOXGLQJ�IXOO�FRPSOLDQFH
ZLWK�WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�$FW��1(3$����7R�IXOILOO�WKH�LQWHQW�RI�1(3$�
*3$�SURYLGHG�LWV�VWXG\�ILQGLQJV�WR�WKH�6DYDQQDK�'LVWULFW�RI�WKH�8��6��$UP\�&RUSV�RI
(QJLQHHUV��86$&(��VR�WKDW�WKH�6DYDQQDK�'LVWULFW�86$&(�FRXOG�SUHSDUH�D�'UDIW
(QYLURQPHQWDO�,PSDFW�6WDWHPHQW��'(,6��RQ�WKH�SURSRVHG�KDUERU�LPSURYHPHQW���7KLV
(,6�LV�D�UHVXOW�RI�WKH�UHVSRQVHV�WR�WKDW�SURFHVV���7KH�86$&(�KDV�UHYLHZHG�WKH
LQIRUPDWLRQ�GHYHORSHG�E\�*3$�DQG�LWV�FRQVXOWDQWV��UHYLHZHG�WKH�GRFXPHQWV�DQG
SURYLGHG�FRPPHQWV�DV�QHFHVVDU\��DQG�SXEOLVKHG�WKLV�(,6�WR�SUHVHQW�WKH
HQYLURQPHQWDO�LPSDFWV�RI�WKH�SURSRVHG�KDUERU�LPSURYHPHQW�SURMHFW��

7KH�(,6�ZDV�PDGH�DYDLODEOH�IRU�SXEOLF�FRPPHQW��DORQJ�ZLWK�WKH�)HDVLELOLW\�5HSRUW
SUHSDUHG�E\�*3$���7KH�(,6�DVVHVVHV�WKH�H[SHFWHG�HQYLURQPHQWDO�HIIHFWV�RI�GHHSHQLQJ
WKH�KDUERU��ZKLOH�WKH�)HDVLELOLW\�5HSRUW�SUHVHQWV�WKH�ILQGLQJV�RI�WKH�HQJLQHHULQJ�
HFRQRPLF�DQG�UHDO�HVWDWH�HYDOXDWLRQV���%RWK�GRFXPHQWV�ZHUH�XVHG�LQ�WKH�VHOHFWLRQ�RI
D�ILQDO�SODQ���*3$�DQG�WKH�6DYDQQDK�'LVWULFW�86$&(�KDV�UHVSRQGHG�WR�FRPPHQWV
UHFHLYHG�GXULQJ�SXEOLF�UHYLHZ�RI�WKH�'(,6���*3$�LQWHQGV�WR�IRUZDUG�WKH�UHYLVHG�(,6
WR�WKH�$6$�&:��IRU�KLV�FRQVLGHUDWLRQ�SULRU�WR�KLV�PDNLQJ�D�GHFLVLRQ�RQ�WKLV
SURSRVHG�SURMHFW���7KH�$6$�&:���RU�KLV�GHVLJQHH��ZLOO�FRPSOHWH�WKH�1(3$�SURFHVV
E\�VHQGLQJ�RXW�WKH�)LQDO�7LHU�,�(,6�IRU�SXEOLF�FRPPHQW�DQG�SUHSDULQJ�D�5HFRUG�RI
'HFLVLRQ��52'��

*3$�HYDOXDWHG�GHHSHQLQJ�WKH�H[LVWLQJ����IRRW�PHDQ�ORZ�ZDWHU��0/:��DXWKRUL]HG
QDYLJDWLRQ�FKDQQHO�E\���IHHW����IHHW����IHHW��DQG���IHHW���7KH�LPSURYHPHQW�ZRXOG
H[WHQG�IURP�6WDWLRQ���������QHDU�WKH�.LQJV�,VODQG�7XUQLQJ�%DVLQ��.,7%��WR�WKH
RFHDQ���7KH�HQYLURQPHQWDO�HYDOXDWLRQ�LQFOXGHG�D�FRPSDULVRQ�RI�H[SHFWHG�SURMHFW
LPSDFWV�ZLWK�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH���7KH�PD[LPXP�LPSDFW�DOWHUQDWLYH�LV
WKH�GHHSHQLQJ�RI�WKH����IRRW�DXWKRUL]HG�QDYLJDWLRQ�FKDQQHO�E\���IHHW��SURGXFLQJ�D
���IRRW�0/:�QDYLJDWLRQ�FKDQQHO���7KH����IRRW�DOWHUQDWLYH�ZDV�HYDOXDWHG�LQ�GHWDLO�WR
GHWHUPLQH�WKH�PD[LPXP�PLWLJDWLRQ��UHTXLUHPHQWV�IRU�IHDVLELOLW\�VWXG\�SXUSRVHV��
7KH�PLWLJDWLRQ�SODQ�GHYHORSHG�IRU�WKH�´ZRUVW�FDVHµ�VFHQDULR�KDV�EHHQ�DSSOLHG�WR�DOO
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DOWHUQDWLYH�GHSWKV�LQ�GHWHUPLQLQJ�WKH�HFRQRPLF�MXVWLILFDWLRQ�RI�WKH�SURMHFW���7KH
SURSRVHG�SURMHFW�LV�WKH����IRRW�DOWHUQDWLYH��ZKLFK�ZLOO�KDYH�OHVV�LPSDFW�WKDQ�WKH
´ZRUVW�FDVHµ�VFHQDULR�HYDOXDWHG�IRU�WKH����IRRW�DOWHUQDWLYH�

��� 3URMHFW�2EMHFWLYHV

&RQWDLQHU�WUDIILF�DW�WKH�3RUW�RI�6DYDQQDK�LQFUHDVHG�E\����SHUFHQW�GXULQJ�����������
JUHDWO\�H[FHHGLQJ�SURMHFWLRQV���&RQWLQXHG�JURZWK�RI�WKH�3RUW�QHFHVVLWDWHV�WKDW�LW
UHPDLQV�HIILFLHQW�DQG�FRVW�FRPSHWLWLYH���7R�WKLV�HQG��WKH�3RUW�VKRXOG�EH�DEOH�WR
DFFRPPRGDWH�VKLSV�RI�WKH�IXWXUH��L�H���ODUJHU�DQG�QHZHU�YHVVHOV�ZLWK�D�FDSDFLW\
JUHDWHU�WKDQ�������7(8V�����)RRW�(TXLYDOHQW�8QLWV����3UHYLRXV�LQYHVWLJDWLRQV��PRVW
QRWDEO\�WKH�86$&(�5HFRQQDLVVDQFH�5HSRUW�RI�$XJXVW�������LQGLFDWHG�WKDW�WKH�EHVW
PHWKRG�WR�DFFRPSOLVK�WKLV�JRDO�ZRXOG�EH�WKURXJK�GHHSHQLQJ�SRUWLRQV�RI�WKH�H[LVWLQJ
DXWKRUL]HG�QDYLJDWLRQ�SURMHFW����%DVHG�RQ�DQ�HYDOXDWLRQ�RI�WKH�VWXG\�DUHD�DQG�LWV
QHHGV��WKH�REMHFWLYHV�RI�WKH�SURSRVHG�SURMHFW�DUH�DV�IROORZV����D��SURYLGH�EHWWHU
SDVVDJH�IRU�WKH�H[LVWLQJ�IOHHW�RI�ODUJHU�YHVVHOV�WKURXJK�WKH�KDUERU�DW�DOO�WLGHV��WKXV
UHGXFLQJ�VKLSSLQJ�GHOD\V��DQG��E��SURYLGH�IRU�VDIH�DQG�HIILFLHQW�WUDQVLW�RI�ODUJHU
YHVVHOV�H[SHFWHG�WR�FDOO�RQ�6DYDQQDK�+DUERU�LQ�WKH�IXWXUH����7KH�SURMHFW�DLPV�WR
DFKLHYH�WKHVH�JRDOV�ZLWK�PLQLPDO�HQYLURQPHQWDO�LPSDFW��

7KH�,QQHU�+DUERU�DUHD�SURSRVHG�IRU�GHHSHQLQJ�URXJKO\�FRUUHVSRQGV�WR�FKDQQHO
6WDWLRQV��������QHDU�)RUW�3XODVNL��WR����������DERYH�WKH�.,7%���D�GLVWDQFH�RI��������
ULYHU�IHHW���7KH�%DU�&KDQQHO��(QWUDQFH�&KDQQHO��RU�RFHDQ�FKDQQHO�SURSRVHG�IRU
GHHSHQLQJ�EHJLQV�DW�6WDWLRQ�������DQG�H[WHQGV�WR�D�PD[LPXP�OHQJWK�RI
DSSUR[LPDWHO\��������IHHW����7KH�PD[LPXP�SURSRVHG�SURMHFW�OHQJWK�LV��WKHUHIRUH�
DSSUR[LPDWHO\����PLOHV����)LJXUH�����VKRZV�WKH�H[WHQW�RI�WKH�SURSRVHG�SURMHFW����7KH
SODQ�SURSRVHV�WR�FRQWLQXH�WKH�SUHVHQW�VLGH�VORSHV�WR�WKH�QHZ�GHSWKV��ZKLFK�ZLOO
SURYLGH�D�QHZ�FKDQQHO�ERWWRP�ZLGWK�RI�OHVV�WKDQ�WKH�DYHUDJH�����IHHW�RI�WKH�H[LVWLQJ
FKDQQHO����7KH�SURMHFW�LQFOXGHV��DPRQJ�LWV�DGYDQWDJHV��WKH�PDLQWHQDQFH�RI�WKH
H[LVWLQJ�FKDQQHO�WRS�ZLGWK��ZKLFK�UHGXFHV�LPSDFWV�WR�H[LVWLQJ�PDUVKHV�DQG
VWUXFWXUHV����6LGH�VORSHV�ZLOO��WKHUHIRUH��QRW�EH�GLVWXUEHG�LQ�WKLV�SURMHFW��H[FHSW�ZKHUH
EHQG�ZLGHQHUV�KDYH�EHHQ�ORFDWHG���(QJLQHHULQJ�HYDOXDWLRQV��ZKLFK�DUH�LQFOXGHG�LQ
VHSDUDWH�VWXGLHV��SURYLGH�GHWDLOHG�HVWLPDWHV�RI�YROXPHV�DQG�SURSRVHG�GUHGJH
GHSWKV��E\�UHDFK��IRU�HDFK�DOWHUQDWLYH�LQ�WKH�(,6�

��� 6FRSH�DQG�$XWKRULW\

7KLV�7LHU�,�(,6�GRFXPHQWV�HYDOXDWLRQV�SHUIRUPHG�WR�DVVHVV�WKH�HQYLURQPHQWDO
LPSDFWV�RI�LPSOHPHQWLQJ�DQG�PDLQWDLQLQJ�D�GHHSHQLQJ�SURMHFW�LQ�6DYDQQDK�+DUERU�
*HRUJLD���7KHVH�HYDOXDWLRQV�KDYH�EHHQ�XVHG�WR�GHWHUPLQH�WKH�IHDVLELOLW\�RI�WKH
SURMHFW���3UHOLPLQDU\�GHWHUPLQDWLRQV�RI�SURMHFW�LPSDFWV�DUH�EDVHG�RQ�VWXGLHV
SHUIRUPHG�WR�GDWH��DQG�ZLOO�EH�H[DPLQHG�IXUWKHU�LQ�WKH�7LHU�,,�(,6���7KH�HYDOXDWLRQV
LQ�WKH�7LHU�,�(,6�LQFOXGH�WKH�IROORZLQJ���%LRORJLFDO�$VVHVVPHQW�RI�7KUHDWHQHG�DQG
(QGDQJHUHG�6SHFLHV��%$7(6��(QFORVXUH�$���6HFWLRQ�����E�����(YDOXDWLRQ�RI�'UHGJHG
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DQG�)LOO�0DWHULDO��(QFORVXUH�%���6HFWLRQ�����2FHDQ�'LVSRVDO�(YDOXDWLRQ
�(QFORVXUH�&���6LWH�0DQDJHPHQW�3ODQ�IRU�2FHDQ�'LVSRVDO�6LWH��(QFORVXUH�'���&RDVWDO
=RQH�&RQVLVWHQF\�'HWHUPLQDWLRQ��(QFORVXUH�(���&XOWXUDO�5HVRXUFHV�3URJUDPPDWLF
$JUHHPHQW��(QFORVXUH�)���(FRORJLFDO�6WXG\��(QFORVXUH�*���5HVSRQVHV�WR�&RPPHQWV
�(QFORVXUH�+���DQG�RWKHU��VHSDUDWH�HQJLQHHULQJ�UHSRUWV�LQ�VXSSRUW�RI�WKH�HYDOXDWLRQV
RI�WKH�(,6�

7KH�VFRSH�RI�WKH7LHU�,�(,6�HQFRPSDVVHV�DVVHVVPHQWV�RI�WKH�´ZRUVW�FDVHµ�LPSDFWV�RI
GUHGJLQJ�DQG�GLVSRVDO�RSHUDWLRQV�IRU�ERWK�WKH�LQLWLDO�FRQVWUXFWLRQ�DQG�VXEVHTXHQW
PDLQWHQDQFH���,W�DOVR�SUHVHQWV�WKH�ILQGLQJV�RI�HQYLURQPHQWDO�VWXGLHV�UHODWHG�WR
SURMHFW�LQGXFHG�FKDQJHV�LQ�VDOLQLW\�DQG�GLVVROYHG�R[\JHQ�LQ�WKH�SURMHFW�DUHD�DQG�
ZKHUH�DSSURSULDWH��SURSRVHV�PLWLJDWLRQ�SODQV�IRU�DGYHUVH�LPSDFWV���)XUWKHU�VWXGLHV
ZLOO�EH�SHUIRUPHG�LQ�WKH�&('�SKDVH�WR�HYDOXDWH�SURMHFW�LPSDFWV�DW�DOWHUQDWLYH�GHSWKV
DQG�GHYHORS�D�ILQDO�PLWLJDWLRQ�SODQ��ZKLFK�ZLOO�EH�VXEMHFW�WR�D�7LHU�,,�(,6��

7KH�(,6�ZDV�SUHSDUHG�LQ�FRQIRUPDQFH�ZLWK�WKH�SURFHGXUHV�HVWDEOLVKHG�E\�WKH�1(3$
RI��������$�FHQWUDO�DLP�RI�WKH�(,6�LV�IXOO�FRQVLGHUDWLRQ�RI�DOO�H[SHFWDQW�LPSDFWV�DQG
HQYLURQPHQWDO�LVVXHV�RI�FRQFHUQ���6FRSLQJ�PHHWLQJV�ZHUH�KHOG�WR�VROLFLW�SXEOLF
FRQFHUQV�UHODWHG�WR�WKH�SURSRVHG�KDUERU�LPSURYHPHQW���&RQFHUQV�WKDW�ZHUH�UDLVHG�LQ
WKRVH�PHHWLQJV�ZHUH�LQYHVWLJDWHG�GXULQJ�WKH�VWXG\�SURFHVV���*3$�DQG�LWV�FRQVXOWDQWV
KHOG�QXPHURXV�PHHWLQJV�ZLWK�WKH�VWDII�RI�QDWXUDO�UHVRXUFH�UHJXODWRU\�DJHQFLHV�WR
GLVFXVV�WKH�RQJRLQJ�VWXGLHV�DQG�REWDLQ�WKHLU�YLHZV�RQ�LPSURYLQJ�WKH�HYDOXDWLRQV��
7KLV�HYDOXDWLRQ�SURYLGHV�D�IXOO�DQG�IDLU�GLVFXVVLRQ�RI�HQYLURQPHQWDO�LPSDFWV�RI�WKH
SURSRVHG�DFWLRQ���,W�SURYLGHV�IXOO�GLVFORVXUH�RI�WKH�HYDOXDWLRQV�WKDW�ZHUH�SHUIRUPHG�
DV�ZHOO�DV�WKH�H[SHFWHG�SURMHFW�LPSDFWV��DQG��WKXV��HQVXUHV�WKDW�GHFLVLRQ�PDNHUV�DQG
LQWHUHVWHG�FLWL]HQV�EHFRPH�DZDUH�RI�WKHVH�LPSDFWV�SULRU�WR�D�GHFLVLRQ�RQ
LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG�SURMHFW���$Q�LQWHUGLVFLSOLQDU\�WHDP�SHUIRUPHG�VWXG\
WDVNV�LQ�VXSSRUW�RI�WKH�)HDVLELOLW\�5HSRUW�DQG�(,6���7KDW�WHDP�FRQVLVWHG�RI�WKH
IROORZLQJ�PHPEHUV���*HRUJLD�3RUWV�$XWKRULW\��*3$���/RFNZRRG�*UHHQH�(QJLQHHUV
�/*(���$SSOLHG�7HFKQRORJ\�DQG�0DQDJHPHQW��,QF���$70���%RR]�$OOHQ��DQG
+DPLOWRQ��$SSOLHG�6FLHQFH�$VVRFLDWHV��5HHV�(QJLQHHULQJ�DQG�(QYLURQPHQWDO
6HUYLFHV��DQG�WKH�6DYDQQDK�'LVWULFW�86$&(�

��� ,VVXHV�IURP�WKH�3URSRVHG�+DUERU�([SDQVLRQ�3URMHFW

$�VWXG\�RI�SUHYLRXV�UHSRUWV�DQG�GLVFXVVLRQV�KHOG�DW�VHYHUDO�FRRUGLQDWLRQ�PHHWLQJV
ZLWK�SHUVRQQHO�UHSUHVHQWLQJ�IHGHUDO��VWDWH��DQG�PXQLFLSDO�UHYLHZLQJ�DJHQFLHV�
SHUVRQQHO�IURP�DIILOLDWHG�UHVHDUFK�LQVWLWXWLRQV��DQG�WKH�LQWHUHVWHG�SXEOLF�KDYH�VHUYHG
WR�LGHQWLI\���PDMRU�LVVXHV�RI�FRQFHUQ����7KHVH�LVVXHV�DUH�����WKH�SRWHQWLDO�RI�WKH
SURSRVHG�FKDQQHO�GHHSHQLQJ�WR�LQFUHDVH�VDOLQLW\�LQWUXVLRQ�LQ�WKH�HVWXDU\��DQG����
DOWHU�GLVVROYHG�R[\JHQ��'2��FRQGLWLRQV�LQ�WKH�/RZHU�6DYDQQDK�5LYHU����7KH�SRWHQWLDO
IRU�VXFK�FKDQJHV�WR�DGYHUVHO\�LPSDFW�����IUHVKZDWHU�ZHWODQGV�ZLWKLQ�WKH�6DYDQQDK
1DWLRQDO�:LOGOLIH�5HIXJH��61:5�������VWULSHG�EDVV�VSDZQLQJ�LQ�WKH�6DYDQQDK�5LYHU
HVWXDU\��DQG�����VKRUWQRVH�VWXUJHRQ��DQ�HQGDQJHUHG�VSHFLHV�����$QRWKHU�LVVXH�LV����
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WKH�GLVSRVDO�RI�GUHGJHG�VHGLPHQWV�DQG�WKH�SRWHQWLDO�IRU�DGYHUVH�LPSDFWV�WR�ZDWHU
TXDOLW\�DQG�WKH�HQYLURQPHQW����)LQDOO\��D�FRQFHUQ�H[LVWV�WKDW�WKH�GHHSHQLQJ�PD\����
DIIHFW�FKORULGH�FRQFHQWUDWLRQV�LQ�WKH�LQGXVWULDO�ZDWHU�VXSSO\�RI�WKH�&LW\�RI�6DYDQQDK�
RU�����EUHDFK�WKH�SRWDEOH��ZDWHU�EHDULQJ�)ORULGDQ�DTXLIHU���)LQDOO\������D�FRQFHUQ
H[LVWV�WKDW�D�QXPEHU�RI�KLVWRULFDO�DQG�FXOWXUDO�ODQGPDUNV�DORQJ�WKH�6DYDQQDK�5LYHU
PD\�EH�DGYHUVHO\�DIIHFWHG�E\�GLUHFW�H[FDYDWLRQ�RU�LQGLUHFWO\�E\�LQXQGDWLRQ�RU
HURVLRQ���7KHVH�LVVXHV�DUH�EULHIO\�GHVFULEHG�EHORZ�

����� 6DOLQLW\

+LVWRULF�DOWHUDWLRQV�WR�WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\��LQFOXGLQJ�FRQVWUXFWLRQ�RI
WKH�WLGH�JDWH��DQG�LWV�VXEVHTXHQW�GHFRPPLVVLRQLQJ���FKDQQHO�GHHSHQLQJ��DQG
FRQVWUXFWLRQ��DQG�VXEVHTXHQW�FORVLQJ��RI�1HZ�&XW��KDYH�UHVXOWHG�LQ�FKDQJHV�LQ�WKH
WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�VDOLQLWLHV�ZLWKLQ�WKH�ORZHU�HVWXDU\���7KH
LPSDFWHG�VXUIDFH�ZDWHUV�LQFOXGH��WKH�)URQW�5LYHU�XS�WR�WKH�8��6��,QWHUVWDWH�����,����
%ULGJH��WKH�0LGGOH�5LYHU��WKH�%DFN�5LYHU��DQG�WKH�/LWWOH�%DFN�5LYHU��

6WXGLHV�FRQGXFWHG�LQ�WKH�ODWH�����V��3HDUOVWLQH��HW�DO���������LGHQWLILHG�WKH�RSHUDWLRQ
RI�WKH�WLGH�JDWH�DQG�WKH�FRQQHFWLRQ�IURP�WKH�/LWWOH�%DFN�5LYHU�WR�WKH�0LGGOH�5LYHU
�1HZ�&XW��DV�WKH�SULPDU\�FDXVHV�RI�WKH�LQFUHDVHG�VDOLQLW\�OHYHOV����'XH�WR�LPSDFWV�WR
IUHVKZDWHU�ZHWODQGV�ZLWKLQ�WKH�61:5��WKH�WLGH�JDWH�ZDV�VXEVHTXHQWO\�WDNHQ�RXW�RI
RSHUDWLRQ�DQG�1HZ�&XW�ZDV�SHUPDQHQWO\�FORVHG����7KHVH�DFWLRQV�ZHUH�XQGHUWDNHQ
XQGHU�WKH�ODVW�GHHSHQLQJ�SURMHFW�DQG�WKH������1HZ�&XW�(QYLURQPHQWDO�5HVWRUDWLRQ
3URMHFW���

,Q�����������WKH�QDYLJDWLRQ�FKDQQHO�ZDV�GHHSHQHG�DQ�DYHUDJH�RI�����IHHW���$V
GHVFULEHG�LQ�6HFWLRQ������WKH�SURSRVHG�SURMHFW�ZLOO�GHHSHQ�WKH�PDMRULW\�RI�WKH
QDYLJDWLRQ�FKDQQHO�DQ�DGGLWLRQDO�����IHHW���7KH�XSVWUHDP�H[WHQW�RI�WKH�SURMHFW�ZLOO
QRW�EH�PRGLILHG���

7KH�'(,6�VXPPDUL]HV�WKH�UHVXOWV�RI���VWXGLHV�WKDW�H[DPLQH�VDOLQLW\�ZLWKLQ�WKH�/RZHU
6DYDQQDK�5LYHU�HVWXDU\�IRU�KLVWRULF��H[LVWLQJ��DQG�SUHGLFWHG��´ZLWK�SURMHFWµ�
FRQGLWLRQV���7KH�ILUVW�VWXG\�H[DPLQHG�WKH�KLVWRULF�FKDQJHV�LQ�WKH�VDOLQLW\�UHJLPH�IURP
�����WR���������'XULQJ�WKLV�WLPH�SHULRG��WKH�8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6�
PRQLWRUHG�VSHFLILF�FRQGXFWDQFH�DW���SHUPDQHQW�VWDWLRQV�����ZLWKLQ�WKH�)URQW�5LYHU�
DQG���ZLWKLQ�WKH�/LWWOH�%DFN�5LYHU����'XULQJ�WKH�WLPH�SHULRG�LQ�ZKLFK�WKH�GDWD�ZHUH
FROOHFWHG����GLVWLQFW�SK\VLFDO�DOWHUDWLRQV�WR�WKH�V\VWHP�RFFXUUHG�

• 7KH�WLGH�JDWH�ZDV�GHFRPPLVVLRQHG�
• 1HZ�&XW�ZDV�FORVHG��DQG
• $�����IRRW�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�ZDV�FRPSOHWHG�

)URP������WR�������86*6�FROOHFWHG�DW�OHDVW���PRQWKV�RI�FRQWLQXRXV�GDWD�RI�VSHFLILF
FRQGXFWDQFH��DQG��WKHUHIRUH��VDOLQLW\��DW���VWDWLRQV�SULRU�WR�DQG�DIWHU�HDFK�RI�WKHVH
SK\VLFDO�DOWHUDWLRQV���7KHVH�GDWD�ZHUH�DQDO\]HG�WR�GRFXPHQW�WKH�FKDQJHV�LQ�WKH
VDOLQLW\�GLVWULEXWLRQ�WKURXJK�WKRVH�DOWHUDWLRQV���7KLV�DQDO\VLV�SURYLGHV�LQVLJKW�LQWR
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WKH�OHYHO�RI�LPSDFW�DWWULEXWDEOH�WR�RSHUDWLRQ�RI�WKH�WLGH�JDWH�DQG�1HZ�&XW�YHUVXV�WKH
LPSDFWV�DWWULEXWDEOH�WR�WKH�ODVW�KDUERU�GHHSHQLQJ���,Q�DGGLWLRQ��WKH�DQDO\VLV�KHOSV�WR
SODFH�LQ�SHUVSHFWLYH�WKH�LPSDFWV�H[SHFWHG�IURP�WKH�SURSRVHG�GHHSHQLQJ�DQG�SURYLGH
D�GHJUHH�RI�FRQILGHQFH�LQ�WKH�UHVXOWV�RI�SUHGLFWLYH�ZDWHU�TXDOLW\�PRGHO�VLPXODWLRQV��
7KH�UHVXOWV�RI�WKDW�VWXG\�DUH�VXPPDUL]HG�ZLWKLQ�WKLV�UHSRUW���$�GHWDLOHG�GHVFULSWLRQ
RI�WKH�GDWD��DQDO\VHV��DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�D�VHSDUDWH�GRFXPHQW�SUHSDUHG�E\
$70�WLWOHG�$QDO\VLV�RI�WKH�+LVWRULFDO�'DWD�IRU�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\
WKDW�LV�DYDLODEOH�IRU�UHYLHZ�LQ�WKH�'LVWULFW�

7KH�VHFRQG�VWXG\�SUHVHQWV�WKH�UHVXOWV�RI�DQ�LQWHQVLYH�PRQLWRULQJ�HIIRUW�FRQGXFWHG
IURP�-XO\�WKURXJK�6HSWHPEHU���������'XULQJ�WKLV�WLPH�SHULRG��ZDWHU�VXUIDFH
HOHYDWLRQ��WHPSHUDWXUH��VSHFLILF�FRQGXFWDQFH��DQG��WKHUHIRUH��VDOLQLW\���DQG�GLVVROYHG
R[\JHQ�ZHUH�FRQWLQXRXVO\�PRQLWRUHG�DW����VWDWLRQV�IURP�RIIVKRUH�RI�)RUW�3XODVNL
5LYHU�0LOH��50����WR�WKH�,����%ULGJH��50���������6WDWLRQV�ZLWKLQ�WKH�GUHGJHG�FKDQQHO
PRQLWRUHG�VXUIDFH�DQG�ERWWRP�SDUDPHWHUV�WR�GHILQH�OHYHOV�RI�VWUDWLILFDWLRQ���,Q
DGGLWLRQ��GDWD�RI�FXUUHQWV�DQG�IORZV�ZHUH�FROOHFWHG�DW�YDULRXV�ORFDWLRQV�WKURXJKRXW
WKH�V\VWHP���7KH�ILQGLQJV�IURP�WKLV�GDWD�FROOHFWLRQ�DUH�VXPPDUL]HG�LQ�WKLV�UHSRUW��
7KH�JRDO�RI�WKH�PRQLWRULQJ�ZDV�WR�TXDQWLI\�WKH�H[LVWLQJ�VDOLQLW\�GLVWULEXWLRQ�ZLWKLQ
WKH�V\VWHP�DQG�KRZ�WKLV�GLVWULEXWLRQ�UHVSRQGV�WR�YDU\LQJ�IORZ��WLGDO��DQG
PHWHRURORJLFDO�IRUFLQJ���7KHVH�GDWD�KHOS�GHILQH�WKH�SUHVHQW�VDOLQLW\�FRQGLWLRQV�ZKLFK
FRXOG�EH�LPSDFWHG�GXH�WR�WKH�SURSRVHG�KDUERU�GHHSHQLQJ���$�GHWDLOHG�GHVFULSWLRQ�RI
WKH�GDWD��DQDO\VHV��DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�D�VHSDUDWH�GRFXPHQW�SUHSDUHG�E\
$70�WLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU
(VWXDU\��-XO\�WR�6HSWHPEHU������WKDW�LV�DYDLODEOH�IRU�UHYLHZ�LQ�WKH�'LVWULFW�

7KH�ILQDO�VWXG\�SUHVHQWV�TXDQWLILFDWLRQ�RI�WKH�SUHGLFWHG�FKDQJHV�LQ�WKH�VDOLQLW\
GLVWULEXWLRQ�XVLQJ�D���GLPHQVLRQDO�K\GURG\QDPLF�VDOLQLW\�PRGHO�RI�WKH�/RZHU
6DYDQQDK�5LYHU�HVWXDU\���+LVWRULF�K\GURG\QDPLF�PRGHO�DSSOLFDWLRQV�WR�WKH
6DYDQQDK�5LYHU�HVWXDU\�KDYH�LQFOXGHG���GLPHQVLRQDO�VLPXODWLRQV��*HRUJLD
(QYLURQPHQWDO�3URWHFWLRQ�'LYLVLRQ��������/DZ�(QYLURQPHQWDO��������DQG�0DUWLQ�
�������DV�ZHOO�DV�ODWHUDOO\�DYHUDJHG���GLPHQVLRQDO�PRGHOV��-RKQVRQ��7UDZOH��DQG
.HH��������DQG�VLPSOLILHG���GLPHQVLRQDO�ER[�PRGHOV��0DUWLQ����������7KRVH�PRGHOV
KDG�EHHQ�XVHG�WR�HYDOXDWH�ERWK�VDOLQLW\�DQG�'2�OHYHOV�ZLWKLQ�WKH�V\VWHP��DQG�WKH
LPSDFW�RI�FKDQQHO�GHHSHQLQJ�XSRQ�WKRVH�SDUDPHWHUV����7KH�XVH�RI���GLPHQVLRQDO
PRGHOV�GRHV�QRW�DFFRXQW�IRU�WKH�HIIHFWV�RI�YDULDWLRQ�LQ�WKH�YHORFLW\�DQG�FRQFHQWUDWLRQ
DFURVV�WKH�FKDQQHO�ZLGWK��DV�ZHOO�DV�WKH�YDULDWLRQV�RYHU�WKH�YHUWLFDO�ZDWHU�FROXPQ��
7KH�XVH�RI���GLPHQVLRQDO��ODWHUDOO\�DYHUDJHG��PRGHOV�DGGUHVVHV�WKH�YDULDWLRQV�RYHU
WKH�YHUWLFDO�ZDWHU�FROXPQ�DQG�DFFRXQWV�IRU�WKH�GHQVLW\�GULYHQ�UHVLGXDO�FLUFXODWLRQ��D
FULWLFDO�PHFKDQLVP�LQ�VWUDWLILHG�V\VWHPV����+RZHYHU��WKH\�GR�QRW�UHVROYH�WKH�ODWHUDO
YDULDWLRQV�LQ�WKH�YHORFLW\�ILHOG�DQG�WKHLU�LPSDFWV�RQ�WKH�V\VWHP�ZLGH�FLUFXODWLRQ���)RU
WKLV�VWXG\��D���GLPHQVLRQDO�FLUFXODWLRQ�DQG�WUDQVSRUW�PRGHO�LV�EHLQJ�XVHG���7KH
PRGHO�DFFRXQWV�IRU�ERWK�WKH�YHUWLFDO�DQG�ODWHUDO�YDULDWLRQV�ZLWKLQ�WKH�V\VWHP��DORQJ
ZLWK�WKH�EDURFOLQLF��GHQVLW\�GULYHQ��SRUWLRQ�RI�WKH�UHVLGXDO�FLUFXODWLRQ����7KLV�PRGHO
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DSSOLFDWLRQ�UHSUHVHQWV�WKH�VWDWH�RI�WKH�DUW�LQ�K\GURG\QDPLF�DQG�WUDQVSRUW�PRGHOLQJ
IRU�WKH�6DYDQQDK�5LYHU�HVWXDU\�

7KH�PRGHO�ZDV�FDOLEUDWHG�WR�WKH�GDWD�VHW�FROOHFWHG�IURP�-XO\�WKURXJK�6HSWHPEHU
��������0RGHO�VLPXODWLRQV�ZHUH�WKHQ�SHUIRUPHG�XQGHU�SUH�GHWHUPLQHG�IORZ
FRQGLWLRQV�WR�H[DPLQH�WKH�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQV�LQ�WKH�VDOLQLW\�XQGHU�WKH
SUHVHQW�DQG�SURSRVHG�FKDQQHO�GHVLJQ���7KH���UHVXOWV�ZHUH�WKHQ�FRPSDUHG�WR�LGHQWLI\
WKH�QHW�LPSDFW�RI�WKH�SURSRVHG�GHHSHQLQJ���7KH�IORZ�FRQGLWLRQV�IRU�WKH�SUH��DQG
SRVW�GHHSHQLQJ�VLPXODWLRQV�ZHUH�VHOHFWHG�WKURXJK�FRQVXOWDWLRQ�ZLWK�QDWXUDO
UHVRXUFH�DJHQFLHV�DV�RQHV�WKDW�DUH�FULWLFDO�WR�HFRORJLFDO�DQG�ELRORJLFDO�LVVXHV�RI
FRQFHUQ����7KH�UHVXOWV�RI�WKLV�VWXG\�DUH�VXPPDUL]HG�ZLWKLQ�WKLV�UHSRUW���$�GHWDLOHG
GHVFULSWLRQ�RI�WKH�GDWD��DQDO\VHV��DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�D�VHSDUDWH�GRFXPHQW
SUHSDUHG�E\�$70�WLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RGHOLQJ�ZLWKLQ�WKH
/RZHU�6DYDQQDK�(VWXDU\�WKDW�LV�DYDLODEOH�IRU�UHYLHZ�LQ�WKH�'LVWULFW

����� 'LVVROYHG�2[\JHQ��'2�

,Q�FRQMXQFWLRQ�ZLWK�WKH�DQDO\VLV�RI�WKH�SRWHQWLDO�LPSDFWV�RI�WKH�SURSRVHG�GHHSHQLQJ
XSRQ�VDOLQLW\��VLPLODU�VWXGLHV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�LPSDFWV�XSRQ�'2
FRQFHQWUDWLRQV����7KH�ILUVW�VWXG\�DGGUHVVHV�WKH�SUHVHQW�'2�FRQFHQWUDWLRQV�DQG
GLVWULEXWLRQ�WKURXJKRXW�WKH�ORZHU�HVWXDU\���7KH�SURMHFWHG�LPSDFWV�WR�'2�GXH�WR�WKH
GHHSHQLQJ�ZHUH�HYDOXDWHG�LQ�D�FRPSDUDWLYH�VHQVH��L�H���WKH�UHODWLYH�GLIIHUHQFH�LQ�WKH
'2�FRQFHQWUDWLRQV�DQG�GLVWULEXWLRQ�XQGHU�FULWLFDO�FRQGLWLRQV���7KH�JRDO�RI�WKLV�VWXG\
ZDV�WR�LVRODWH�WKH�QHW�LPSDFW�RI�WKH�SURSRVHG�GHHSHQLQJ�RQ�'2�

,Q�FRPSDULVRQ�ZLWK�VDOLQLW\�FRQFHQWUDWLRQV��OLPLWHG�KLVWRULF�GDWD�DUH�DYDLODEOH�WR
HYDOXDWH�WKH�LPSDFWV�RI�SDVW�DOWHUDWLRQV�WR�WKH�V\VWHP����)RU�WKLV�UHDVRQ��WKH�VWXGLHV
SUHVHQWHG�ZLWKLQ�WKLV�UHSRUW�DUH�OLPLWHG�WR�WKH�IROORZLQJ���

• (YDOXDWLRQ�RI�SUHVHQW�'2�FRQGLWLRQV�XVLQJ�WKH�GDWD�FROOHFWHG�IURP�-XO\�WR
6HSWHPEHU�������DQG

• (YDOXDWLRQ�RI�WKH�UHODWLYH�LPSDFW�RI�WKH�SURSRVHG�KDUERU�GHHSHQLQJ�RQ�WKH�'2
FRQFHQWUDWLRQV�ZLWKLQ�WKH�V\VWHP�
7KH�UHVXOWV�RI�WKHVH�VWXGLHV�DUH�VXPPDUL]HG�ZLWKLQ�WKLV�UHSRUW���$�GHWDLOHG
GHVFULSWLRQ�RI�WKH�GDWD��DQDO\VHV��DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�D�VHSDUDWH�GRFXPHQW
SUHSDUHG�E\�$70�WLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RGHOLQJ�ZLWKLQ�WKH�/RZHU
6DYDQQDK�(VWXDU\�DQG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH�/RZHU
6DYDQQDK�5LYHU�(VWXDU\��-XO\�WR�6HSWHPEHU������WKDW�LV�DYDLODEOH�IRU�UHYLHZ�LQ�WKH
'LVWULFW�

7KH�PHDVXUHG�GDWD�ZHUH�HYDOXDWHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�ZDWHU�TXDOLW\�UHJXODWLRQV
UHODWHG�WR�'2�WR�TXDQWLI\�WKH�OHYHO�RI�LPSDFW�ZLWKLQ�WKH�V\VWHP����,Q�DGGLWLRQ��WKH�QHW
LPSDFWV��DORQJ�ZLWK�WKH�UHVXOWV�RI�WKH�GDWD�DQDO\VHV��ZHUH�HYDOXDWHG�LQ�UHODWLRQ�WR�OLIH
VWDJH�UHTXLUHPHQWV�RI�VHOHFWHG�LQGLJHQRXV�VSHFLHV�RI�FRQFHUQ�
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����� ,PSDFWV�WR�:HWODQGV�DQG�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH�5HIXJH��61:5�

7KHUH�DUH���PDMRU�LVVXHV�UHJDUGLQJ�LQWHUWLGDO�ZHWODQGV�DORQJ�WKH�ULYHU�DQG�ZLWKLQ�WKH
61:5�DVVRFLDWHG�ZLWK�WKH�SURSRVHG�GHHSHQLQJ�������WKH�GUHGJLQJ�RI�EHQG�ZLGHQHUV
WKDW�ZLOO�FDXVH�WKH�GLUHFW�ORVV�RI�ZHWODQGV�DORQJ�WKH�VKRUHOLQH�RI�WKH�H[LVWLQJ�VKLS
FKDQQHO��DQG�����WKH�SRWHQWLDO�VHFRQGDU\�ORVV�RI�WLGDO�IUHVKZDWHU�PDUVKHV�DV�D�UHVXOW�RI
LQFUHDVHG�VDOLQLWLHV�ZLWKLQ�WKH�61:5�UHVXOWLQJ�IURP�WKH�SURSRVHG�KDUERU�GHHSHQLQJ�

:KLOH�WKH�ORVV�RI�ZHWODQGV�IURP�WKH�FRQVWUXFWLRQ�RI�EHQG�ZLGHQHUV�LV�UHODWLYHO\
VWUDLJKWIRUZDUG��WKH�ODUJHU�LVVXH�LV�WKH�SRWHQWLDO�ORVV�RI�WLGDO�IUHVKZDWHU�PDUVKHV
FDXVHG�E\�LQFUHDVHG�VDOLQLW\�ZLWKLQ�WKH�61:5���6DOLQLW\�LPSDFWV�WR�WKH�WLGDO
IUHVKZDWHU�PDUVKHV�KDYH�EHHQ�D�VLJQLILFDQW�FRQFHUQ�ZLWK�SUHYLRXV�KDUERU
LPSURYHPHQW�SURMHFWV���6DOLQLW\�ZDV�WKH�PDMRU�LVVXH�LQ�HYDOXDWLQJ�WKH�HIIHFW�RI�WKH
WLGH�JDWH�RQ�WKH�61:5�ZHWODQGV�

�7KH�WLGH�JDWH�ZDV�FRQVWUXFWHG�LQ������WR�UHGXFH�PDLQWHQDQFH�GUHGJLQJ
UHTXLUHPHQWV�ZLWKLQ�WKH�PDLQWDLQHG�SRUWLRQV�RI�WKH�)URQW�5LYHU���$�FRQVHTXHQFH�RI
WKH�WLGH�JDWH·V�RSHUDWLRQ��KRZHYHU��ZDV�DQ�LQFUHDVH�LQ�VDOLQLW\�OHYHOV�LQ�WKH�0LGGOH
DQG�/LWWOH�%DFN�5LYHUV���,QFUHDVHG�VDOLQLWLHV�LQ�WKHVH�DUHDV�ZHUH�WKH�FDXVH�RI�WLGDO
IUHVKZDWHU�PDUVK�ORVV�LQ�WKH�61:5���7KH�WLGDO�IUHVKZDWHU�PDUVK�ZDV�EHOLHYHG�WR
KDYH�EHHQ�NLOOHG�E\�WKH�LQFUHDVHG�VDOW��ZKLFK�OHG�WR�LWV�UHSODFHPHQW�E\�EUDFNLVK
ZHWODQG�YHJHWDWLRQ���7KH�WLGH�JDWH�ZDV�VXEVHTXHQWO\�WDNHQ�RXW�RI�RSHUDWLRQ�LQ������

%HFDXVH�WKH�SODQW�VSHFLHV�LQ�WKH�WLGDO�IUHVKZDWHU�PDUVKHV�KDYH�KLJKHU�GLYHUVLW\�DQG
IRRG�YDOXH��WKRVH�PDUVKHV�VXSSRUW�D�PRUH�GLYHUVH�DVVHPEODJH�RI�PDPPDOV�
ZDWHUIRZO��DQG�LQVHFWV�WKDQ�WLGDO�VDOW�PDUVKHV��2GXP�HW�DO�����������&RPSDUHG�ZLWK
WLGDO�VDOW�PDUVKHV��WLGDO�IUHVKZDWHU�PDUVKHV�DUH�UHODWLYHO\�OLPLWHG�LQ�JHRJUDSKLF
H[WHQW���3HDUOVWLQH�HW�DO���������FLWHV�7LQHU��������ZKR�HVWLPDWHG�WKH�ORZHU�6DYDQQDK
5LYHU�DUHD�WR�KDYH��������DFUHV�RI�WLGDO�IUHVKZDWHU�PDUVKHV��ZKLFK�ZDV
DSSUR[LPDWHO\����SHUFHQW�RI�DOO�WLGDO�IUHVKZDWHU�PDUVKHV�LQ�*HRUJLD�DQG�6RXWK
&DUROLQD���3HDUOVWLQH�HW�DO���������HVWLPDWHG�WKDW����SHUFHQW�RI�WKH�XQLPSRXQGHG�WLGDO
IUHVKZDWHU�ZHWODQGV�RI�WKH�61:5�ZHUH�FRQYHUWHG�WR�EUDFNLVK�DQG�VXEVDOLQH
ZHWODQGV�DV�D�UHVXOW�RI�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�WLGH�JDWH�DQG�1HZ�&XW��
7KLV�DPRXQWHG�WR�D�������DFUH�UHGXFWLRQ�LQ�WLGDO�IUHVK�PDUVK�RQ�61:5�ODQGV��
%HFDXVH�RI�WKH�UHODWLYH�VFDUFLW\�RI�WLGDO�IUHVKZDWHU�PDUVKHV�FRPSDUHG�WR�WLGDO�VDOW
PDUVKHV��DQG�WKHLU�KLJKHU�YDOXH�DV�ZLOGOLIH�KDELWDW��DQ\�ORVV�RI�WLGDO�IUHVKZDWHU
PDUVK�ZLWKLQ�WKH�61:5�DQG�DGMDFHQW�ODQGV�LV�D�FRQFHUQ��DQG�PDNHV�WKLV�D�PDMRU
LVVXH�LQ�HYDOXDWLQJ�WKH�LPSDFWV�H[SHFWHG�WR�UHVXOW�IURP�GHHSHQLQJ�WKH�QDYLJDWLRQ
FKDQQHO�

����� 6WULSHG�%DVV

2QH�RI�WKH�PDMRU�FRQFHUQV�RI�D�SURSRVHG�KDUERU�GHHSHQLQJ�LV�WKDW�DQ�LQFUHDVH�LQ
VDOLQLW\�ZLWKLQ�WKH�WUDGLWLRQDO�VSDZQLQJ�DUHD�RI�WKH�VWULSHG�EDVV��RU�ZLWKLQ�WKH
KDELWDW�WKDW�VHUYHV�DV�D�IHHGLQJ�JURXQG�IRU�MXYHQLOH�VSHFLHV��PD\�DGYHUVHO\�LPSDFW
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UHFRYHU\�HIIRUWV�QRZ�XQGHUZD\����7KH�FRQGLWLRQ�RI�WKH�VWULSHG�EDVV�LQ�WKH�6DYDQQDK
5LYHU�KDV�EHHQ�D�FRQWLQXLQJ�LVVXH�RI�FRQFHUQ�VLQFH�WKHLU�GHFOLQH�ZDV�QRWHG�DIWHU������
�5HVHDUFKHUV�KDYH�DUJXHG�WKDW�WKH�WLGH�JDWH��ZKLFK�ZHQW�LQWR�RSHUDWLRQ�LQ������
FDXVHG�D����SHUFHQW�GHFOLQH�LQ�HJJ�SURGXFWLRQ���7KH\�FODLPHG�WKDW�WKH�SULQFLSDO
DGYHUVH�LQIOXHQFHV�RI�WKH�WLGH�JDWH�DQG�1HZ�&XW�RQ�VWULSHG�EDVV�VSDZQLQJ�UHVXOWHG
IURP�WKH�IROORZLQJ�IDFWRUV�������LQFUHDVHG�VDOLQLW\�ZLWKLQ�WKH�VSDZQLQJ�JURXQGV�LQ
%DFN�5LYHU�DQG�0LGGOH�5LYHU������DOWHUDWLRQ�RI�FXUUHQW�YHORFLWLHV�DQG�SDWKZD\V�RI
ZDWHU�PRYHPHQW�LQ�WKH�PLGGOH�DQG�ORZHU�HVWXDU\��DQG�����WUDQVSRUW�RI�HJJV�WR
ORFDWLRQV�ZKHUH�WKHLU�OHWKDO�OLPLW�IRU�VDOLQLW\�WROHUDQFH�ZDV�H[FHHGHG���7KH�OHWKDO
WKUHVKROG�IRU�VWULSHG�EDVV�HJJV�LV�EHOLHYHG�WR�EH���SSW���7KH�RSWLPDO�UDQJH�IRU
VSDZQLQJ�LV�EHOLHYHG�WR�EH�EHORZ�����SSW��DOWKRXJK��LQ�WKH�6DYDQQDK�5LYHU��VWXGLHV
KDYH�VKRZQ�WKDW�VSDZQLQJ�RFFXUV�EHORZ���SSW���)LHOG�VWXGLHV�KDYH�VKRZQ�WKDW�HJJ
VSDZQLQJ�LQ�WKH�%DFN�5LYHU��WKH�WUDGLWLRQDO�VSDZQLQJ�DUHD�IRU�VWULSHG�EDVV��KDV
UHPDLQHG�DW�LWV�UHGXFHG�OHYHO�HYHQ�WKRXJK�WKH�WLGH�JDWH�ZDV�WDNHQ�RXW�RI�RSHUDWLRQ
LQ��������$�UHFRYHU\�SURJUDP�WKDW�KDV�LQFOXGHG�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�
WKH�ILOOLQJ�RI�1HZ�&XW��DQG�D�VWRFNLQJ�SURJUDP�KDYH�QRW�\HW�UHVXOWHG�LQ�D�VHOI�
VXVWDLQLQJ�VWULSHG�EDVV�SRSXODWLRQ��

����� 6KRUWQRVH�6WXUJHRQ

7KH�VKRUWQRVH�VWXUJHRQ�LV�DQ�HQGDQJHUHG�VSHFLHV���7KH�SURSRVHG�FKDQQHO�GHHSHQLQJ
ZLOO�H[WHQG�XS�WR�DQG�VOLJKWO\�EH\RQG�WKH�.,7%��DQ�DUHD�WKDW�KDV�EHHQ�LGHQWLILHG�DV�D
KDELWDW�IRU�MXYHQLOH�ILVK����2I�VSHFLDO�FRQFHUQ�DUH���LPSDFWV�������SRWHQWLDO�IRU
DOWHUDWLRQV�WR�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�VDOLQLW\�ZLWKLQ�FULWLFDO�KDELWDW
DUHDV��DQG������SRWHQWLDO�IRU�DOWHUDWLRQV�WR�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�'2
ZLWKLQ�FULWLFDO�KDELWDW�DUHDV���7KH�ORZHULQJ�RI�'2�LV�D�FRQFHUQ�EHFDXVH�MXYHQLOH
SRSXODWLRQV�WKDW�UHPDLQ�LQ�WKH�ORZHU�6DYDQQDK�5LYHU�GXULQJ�VXPPHU�PRQWKV�DUH
DOUHDG\�VXEMHFWHG�WR�VWUHVVIXO��KLJK�WHPSHUDWXUH�DQG�ORZ�'2�FRQGLWLRQV��

����� 'UHGJHG�0DWHULDO�0DQDJHPHQW

7KH�(,6�H[DPLQHV�GUHGJLQJ�LVVXHV�IRU�D�:LWKRXW�3URMHFW�$OWHUQDWLYH�DQG��LQFUHPHQWDO
GHHSHQLQJV�IURP���WR���IHHW����7KH�PDMRU�LVVXHV�RI�FRQFHUQ�DUH�FRQWDPLQDQWV�IURP
H[FDYDWHG�VHGLPHQWV��ORFDWLRQ�RI�GLVSRVDO�VLWHV��WKH�YROXPH�RI�GUHGJHG�PDWHULDO�WR�EH
PDQDJHG��DQG�WKH�LPSDFW�RQ�DTXDWLF�OLIH�GXULQJ�GUHGJLQJ�RSHUDWLRQV��

0DLQWHQDQFH�GUHGJLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�ZLOO�EH�UHTXLUHG�IRU�WKH�:LWKRXW
3URMHFW�$OWHUQDWLYH���7KLV�GUHGJLQJ�LV�W\SLFDOO\�SHUIRUPHG�RQ�D�\HDUO\�EDVLV���,Q�WKH
LQQHU�KDUERU��WKH�DQQXDO�PDLQWHQDQFH�EXUGHQ�KDV�EHHQ�DQG�ZLOO�OLNHO\�UHPDLQ�DW�MXVW
DERYH���PLOOLRQ�FXELF�\DUGV���7KH�/RQJ�7HUP�0DQDJHPHQW�6WUDWHJ\��/706��LQGLFDWHG
WKDW�WKLV�YROXPH�LV�H[SHFWHG�WR�FRQWLQXH�WR�EH�UHPRYHG�WKURXJKRXW�WKDW�VWXG\·V
���\HDU�SHULRG�RI�DQDO\VLV���

$�FRPSUHKHQVLYH�FKDQQHO�PDLQWHQDQFH�SODQ�ZDV�GHYHORSHG�E\�WKH�6DYDQQDK
'LVWULFW�86$&(�DQG�SUHVHQWHG�LQ�WKH������/706����7KH�SODQ�DGGUHVVHG�FKDQQHO
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PDLQWHQDQFH�DQG�WKH�GHSRVLWLRQ�RI�GUHGJHG�VHGLPHQW�PDWHULDOV����7KH�/706��DQG�LWV
DWWDFKHG�)LQDO�(,6��SUHVHQWHG�D�FRPSUHKHQVLYH�SODQ�IRU�KDUERU�RSHUDWLRQV�DQG
PDLQWHQDQFH��DQG�LQFOXGHG�VXFK�IHDWXUHV�DV�URWDWLRQDO�XVH�RI�FRQILQHG�GLVSRVDO�DUHDV
DQG�D�SURJUDP�IRU�DGYDQFHG�PDLQWHQDQFH�GUHGJLQJ����7KH�:LWKRXW�3URMHFW
$OWHUQDWLYH�ZRXOG�UHTXLUH�D�FRQWLQXDWLRQ�RI�WKH�DQQXDO�PDLQWHQDQFH�GUHGJLQJ
SURJUDP�DQG�ZRXOG�PDNH�FRQWLQXHG�XVH�RI�WKH�XSODQG�FRQILQHG�VLWHV�VSHFLILHG�LQ
WKH�/706�IRU�SODFHPHQW�RI�WKH�PDWHULDO�H[FDYDWHG�IURP�WKH�LQQHU�KDUERU�FKDQQHO
GXULQJ�PDLQWHQDQFH�RSHUDWLRQV���2YHUDOO��WKH�/706�IRXQG�WKDW�QR�FKDQJHV��H[FHSW
IRU�GLNLQJ�'LVSRVDO�$UHD���$��DUH�H[SHFWHG�LQ�WKH�GLVSRVDO�VLWHV�XVHG�IRU�WKH
SODFHPHQW�RI�KDUERU�VHGLPHQWV�

7KH�GLNHV�RI�WKH�FRQILQHG�GLVSRVDO�DUHDV�DUH�SHULRGLFDOO\�UDLVHG�WR�LQFUHDVH�WKH
VWRUDJH�FDSDFLW\�RI�WKH�VLWHV����:LWK�WKH�FRQWLQXDWLRQ�RI�WKDW�SUDFWLFH��DOO�GLVSRVDO
DUHDV��H[FHSW�'LVSRVDO�$UHD��$��KDYH�D�UHPDLQLQJ�OLIH�WKDW�H[WHQGV�EH\RQG�WKLV
VWXG\
V����\HDU�SHULRG�RI�DQDO\VLV�

)RU�WKH�%DU�&KDQQHO��(QWUDQFH�&KDQQHO���PDLQWHQDQFH�PDWHULDO�KDV�KLVWRULFDOO\�EHHQ
H[FDYDWHG�E\�GUDJ�KHDG�KRSSHU�GUHGJH�DQG�SODFHG�LQ�WKH�86(3$�DSSURYHG
6DYDQQDK�+DUERU�2FHDQ�'UHGJHG�0DWHULDO�'LVSRVDO�6LWH��2'0'6�����7KH�/706�(,6
HYDOXDWHG�VHYHUDO�DOWHUQDWLYHV�WR�RFHDQ�GLVSRVDO�IRU�VRPH�SRUWLRQ�RI�WKH�(QWUDQFH
&KDQQHO�VHGLPHQWV����)RU�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH��PDQDJHPHQW�RI�VHGLPHQWV
UHPRYHG�IURP�WKH�(QWUDQFH�&KDQQHO�ZLOO�IROORZ�WKH�SODQ�VHOHFWHG�LQ�WKH�/706�
ZKLFK�FRQVLVWV�RI�GHSRVLWLQJ�RSHUDWLRQ�DQG�PDLQWHQDQFH��2	0��VHGLPHQWV�LQ�WKH
2'0'6�DQG�VHYHUDO�QHDUVKRUH�EHQHILFLDO�XVH�DUHDV��LQFOXGLQJ�QHDUVKRUH�VXEPHUJHG
EHUPV��D�ELUG�LVODQG��D�QHDUVKRUH�IHHGHU�EHUP��DQG�EHDFK�QRXULVKPHQW��

7KH�´PD[LPXP�FDVHµ�HYDOXDWHG�XQGHU�WKH�(,6�LV�DQ���IRRW�GHHSHQLQJ������IHHW�0/:
DXWKRUL]HG�GHSWK��SURMHFW����7KH�H[FDYDWLRQ�UHTXLUHG�WR�FRQVWUXFW�WKLV�SURMHFW�LV
VFKHGXOHG�WR�FRPPHQFH�LQ�-XO\��������1HZ�ZRUN��1:��VHGLPHQWV�H[FDYDWHG�IURP
WKH�LQQHU�KDUERU�ZLOO�EH�SODFHG�LQ�H[LVWLQJ�XSODQG�&RQILQHG�'LVSRVDO�)DFLOLWLHV
�&')V�����6HGLPHQWV�H[FDYDWHG�IURP�WKH�(QWUDQFH�&KDQQHO�ZLOO�EH�SODFHG�LQ�WKH
2'0'6�DQG��ZKHUH�GHWHUPLQHG�WR�EH�VXLWDEOH�DQG�HFRQRPLFDOO\�IHDVLEOH�
EHQHILFLDOO\�XVHG�WKURXJK�GHSRVLWLRQ�LQ�WKH�QHDUVKRUH�DUHD�

6DYDQQDK�+DUERU�SUHVHQWO\�KDV���&')V�WKDW�DUH�XVHG�IRU�DQQXDO�PDLQWHQDQFH
GUHGJLQJ����7KH�LQQHU�KDUERU�GUHGJLQJ�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW
FDQ�EH�DFFRPSOLVKHG�XVLQJ�WKRVH�H[LVWLQJ�GLVSRVDO�DUHDV���6RPH�GLNH�UDLVLQJ�ZLOO�EH
SHUIRUPHG�WR�SURYLGH�VWRUDJH�FDSDFLW\��SRQGHG�ZDWHU�GHSWK��DQG�IUHHERDUG���

5HJXODWLRQ�RI�GUHGJHG�PDWHULDO�GLVFKDUJH�LQ�ZDWHUV�RI�WKH�8QLWHG�6WDWHV�DQG�RFHDQ
ZDWHUV�LV�D�FRPSOH[�LVVXH�DQG�LV�WKH�VKDUHG�UHVSRQVLELOLW\�RI�WKH�86(3$�DQG�WKH
86$&(����7KH�SULPDU\�IHGHUDO�HQYLURQPHQWDO�VWDWXWH�JRYHUQLQJ�WUDQVSRUWDWLRQ�RI
GUHGJHG�PDWHULDO�WR�WKH�RFHDQ�IRU�WKH�SXUSRVH�RI�GLVSRVDO�LV�WKH�0DULQH�3URWHFWLRQ
5HVHDUFK�DQG�6DQFWXDULHV�$FW��0356$�����7KH�SULPDU\�IHGHUDO�HQYLURQPHQWDO�VWDWXWH
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JRYHUQLQJ�WKH�GLVFKDUJH�RI�GUHGJHG�RU�ILOO�PDWHULDO�LQWR�ZDWHUV�RI�WKH�8QLWHG�6WDWHV�LV
WKH�&OHDQ�:DWHU�$FW��&:$�����$OO�SURSRVHG�GUHGJHG�PDWHULDO�GLVSRVDO�DFWLYLWLHV
UHJXODWHG�E\�0356$�DQG�&:$�PXVW�DOVR�FRPSO\�ZLWK�WKH�DSSOLFDEOH�UHTXLUHPHQWV
RI�1(3$�DQG�LWV�LPSOHPHQWLQJ�UHJXODWLRQV����7R�PHHW�WKH�FRPSOH[�OHJLVODWLYH
GHPDQGV�IRU�GUHGJHG�PDWHULDO�HYDOXDWLRQV��WKH�86$&(�DQG�WKH�86(3$�MRLQWO\
SXEOLVK�D�VHULHV�RI�JXLGDQFH�GRFXPHQWV�WR�DVVLVW�LQ�DQ�HQYLURQPHQWDO�HIIHFWV
HYDOXDWLRQ�RI�GUHGJLQJ�SURMHFWV�DQG�GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV�

7KH�6DPSOLQJ�DQG�$QDO\VLV�3ODQ��6$3��IRU�WKLV�SURMHFW�FRQVLGHUHG�WKH�SURFHGXUHV
DQG�JXLGDQFH�SURYLGHG�E\�WKHVH�GRFXPHQWV���3K\VLFDO�DQG�FKHPLFDO�GDWD�ZHUH
FROOHFWHG�LQ������RQ�ERWK�WKH�1:�DQG�2	0�VHGLPHQWV�DV�SDUW�RI�WKLV�VWXG\�VR�WKDW�D
ZLGH�UDQJH�RI�GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV�FRXOG�EH�FRQVLGHUHG�DQG
SURSHUO\�HYDOXDWHG�

7KH�´1R�$FWLRQµ�DOHUQDWLYH�ZLOO�UHTXLUH�DQQXDO�PDLQWHQDQFH�GUHGJLQJ�DW�WKH
FXUUHQWO\�DXWKRUL]HG�FKDQQHO�GHSWK���7KLV�DOWHUQDWLYH��WKHUHIRUH��ZLOO�UHTXLUH
FRQWLQXHG�HQYLURQPHQWDO�FOHDWDQFH�IRU�WKH�DQQXDO�2SHUDWLRQV�DQG�0DLQWHQDQFH
GUHGJH�PDWHULDO���(DFK�RI�WKH�IRXU�LQFUHPHQWDOO\�ODUJHU�GUHGJLQJ�DOWHUQDWLYHV�IRU�D
GHHSHQHG�FKDQQHO�DUH�HYDOXDWHG�DJDLQVW�WKH�´1R�$FWLRQµ�DOWHUQDWLYH���'UHGJH
PDWHULDO�ZLOO�EH�PDQDJHG�DFFRUGLQJ�WR�WKH�DSSURYHG�DOWHUQDWLYH�VHOHFWHG�LQ�WKH
/706�

7KH�1:�VHGLPHQWV�XQGHUO\LQJ�WKH�H[LVWLQJ�KDUERU�SURMHFW�ZHUH�ODLQ�GRZQ�E\
SURFHVVHV�ORQJ�EHIRUH�WKH�PRGHUQ�LQGXVWULDO�DJH��DQG�DQWKURSRJHQLF�LPSDFWV�WR
WKRVH�VHGLPHQWV�DUH�PLQLPDO���7KH�FRQWDPLQDQWV�WHVWLQJ�RI�WKHVH�PDWHULDOV�ZDV
FRQGXFWHG�SULPDULO\�WR�FRQILUP�WKLV�GHWHUPLQDWLRQ�DQG�WR�HYDOXDWH�WKH�SRWHQWLDO�RI
FUHDWLQJ�DGYHUVH�LPSDFWV�WR�ELRWD�E\�RSHQLQJ�QHZ�SDWKZD\V�WR�QDWXUDOO\�RFFXUULQJ�
WKRXJK�WR[LF�FRQFHQWUDWLRQV��RI�GUHGJHG�PDWHULDO�FRQVWLWXHQWV���

7KH�SULPDU\�HQYLURQPHQWDO�HIIHFWV�H[SHFWHG�IURP�WKH�PDQDJHPHQW�RI�SURSRVHG
GHHSHQLQJ�GUHGJHG�VHGLPHQWV�DUH�SK\VLFDO����7KHVH�LQFOXGH�ZDWHU�FROXPQ�LPSDFWV
VXFK�DV�WHPSRUDU\�VHGLPHQW�ORDGLQJ�RI�WKH�ZDWHU�FROXPQ�DQG�EHQWKLF�GLVORFDWLRQ�IRU
RSHQ�ZDWHU�GLVSRVDO�DQG�SODFHPHQW�VLWH�FDSDFLW\�LVVXHV��H�J���WKH�SRWHQWLDO�WR�PRUH
TXLFNO\�UHGXFH�WKH�SURMHFW�OLIH�RI�XSODQG�DQG�RFHDQ�GLVSRVDO�DUHDV��

����� ,QGXVWULDO�DQG�3RWDEOH�:DWHU�5HVRXUFHV

7KH�&LW\�RI�6DYDQQDK�H[SUHVVHG�FRQFHUQ�WKDW�LWV�LQGXVWULDO�ZDWHU�VXSSO\�IURP�WKH
6DYDQQDK�5LYHU�FRXOG�SRWHQWLDOO\�EH�LPSDFWHG�E\�DQ�LQFUHDVH�LQ�FKORULGHV�GXH�WR
SURMHFW�LQGXFHG�XSULYHU�VDOWZDWHU�PLJUDWLRQ���7KH�&LW\·V�ZDWHU�SODQW�VXSSOLHV�ZDWHU
WR�LQGXVWULDO�SURFHVVHV�WKDW�UHTXLUH�ILQLVKHG�ZDWHU�ZLWK�D�FKORULGH�FRQFHQWUDWLRQ�RI
QR�JUHDWHU�WKDQ����PJ�/�

7R�DGGUHVV�WKH�LVVXH�RI�LPSDFWV�RI�WKH�GHHSHQLQJ�XSRQ�WKH�LQGXVWULDO�ZDWHU�VXSSO\
IRU�WKH�&LW\�RI�6DYDQQDK��KLVWRULF�FKORULGH�GDWD�IURP�WKH�&LW\�RI�6DYDQQDK�LQWDNH



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������385326(�2)�7+(�(19,5210(17$/�,03$&7�67$7(0(17

ZHUH�FRPSDUHG�ZLWK�VDOLQLW\�FKDQJHV�PHDVXUHG�LQ�WKH�ORZHU�HVWXDU\�DW�WKH�+RXOLKDQ
%ULGJH���7KH�VWXG\�HQGHDYRUHG�WR�HVWDEOLVK�VRPH�UHODWLRQVKLS�EHWZHHQ�PHDVXUDEOH
VDOLQLW\�FKDQJHV�DQG�HIIHFWV�RQ�FKORULGH�FRQFHQWUDWLRQV�LQ�WKH�LQWDNH�ZDWHUV�

$�VHSDUDWH�VWXG\�HYDOXDWHG�SRWHQWLDO�LPSDFWV�WR�WKH�SULQFLSDO�GULQNLQJ�ZDWHU�DTXLIHU
NQRZQ�DV�WKH�)ORULGDQ�$TXLIHU��WKH�ODUJHVW�VRXUFH�RI�IUHVK�ZDWHU�LQ�WKH�FRDVWDO�DUHD��
'XH�WR�FRQFHUQV�WKDW�GHHSHQLQJ�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�FKDQQHO�PLJKW�EUHDFK
WKH�JURXQG�ZDWHU�DTXLIHU�EHORZ�WKH�FKDQQHO��D�VWXG\�ZDV�LQLWLDWHG�E\�6DYDQQDK
'LVWULFW�86$&(�WR�HYDOXDWH�WKH�SRVVLEOH�LPSDFWV���7KH�SULQFLSDO�REMHFWLYH�RI�WKLV
LQYHVWLJDWLRQ�ZDV�WR�EHWWHU�FKDUDFWHUL]H�WKH�JHRORJLF�DQG�K\GURJHRORJLF�IUDPHZRUN
RI�WKH�SURMHFW�DUHD�WKURXJK�WKH�XVH�RI�D�VXE�ERWWRP�JHRSK\VLFDO�VXUYH\��ERUHKROH
FRUH�GULOOLQJ��ERUHKROH�JHRSK\VLFDO�ORJJLQJ��SHUPHDELOLW\�DQDO\VLV�RI�FRUH�VDPSOHV�
DQG�WHVW�ZHOO�LQVWDOODWLRQ���7KH�UHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�DUH�GLVFXVVHG�LQ�VHSDUDWH
VHFWLRQV�RI�WKLV�(,6�

����� &XOWXUDO�5HVRXUFHV

6DYDQQDK�+DUERU�LV�D�FXOWXUDOO\�ULFK�DUHD����7KH�&LW\�RI�6DYDQQDK��ZKLFK�GLUHFWO\
DGMRLQV�WKH�KDUERU��ZDV�IRXQGHG�DV�D�VHDSRUW�LQ��������([WHQVLYH�PDULWLPH�IDFLOLWLHV
ZHUH�FRQVWUXFWHG�DORQJ�WKH�VKRUHOLQH�DQG�IRUWLILFDWLRQV�ZHUH�EXLOW�DORQJ�WKH�ULYHU�
VRPH�RI�ZKLFK�UHPDLQ�WRGD\��

,Q�WKH�6DYDQQDK�+DUERU��FXOWXUDO�UHVRXUFHV�LQFOXGH�ZUHFNV��KDUERU�PRGLILFDWLRQV�
WHUUHVWULDO�VLWHV��DQG�PLVFHOODQHRXV�DUWLIDFWV���7KHUH�LV�D�FRQFHUQ�WKDW�WKH�GHHSHQLQJ
PD\�HURGH�RU�HQGDQJHU�VRPH�RI�WKHVH�UHVRXUFHV���7KH�(,6�UHSRUWV�RQ�WKH�SRWHQWLDO
LPSDFWV�WR�FXOWXUDO�ODQGPDUNV�DQG�PHDVXUHV�UHTXLUHG�WR�VDIHJXDUG�WKH�UHVRXUFHV
IURP�DQ\�DGYHUVH�LPSDFW���(QJLQHHULQJ�LQYHVWLJDWLRQV�RI�2OG�)RUW�-DFNVRQ�KDYH
GHWHUPLQHG�WKDW�WKH�SURSRVHG�GHHSHQLQJ�SURMHFW�ZLOO�DGYHUVHO\�DIIHFW�WKLV�UHVRXUFH��
7KH�&�6�6��*HRUJLD�ZLOO�DOVR�EH�DIIHFWHG�E\�WKH�GHHSHQLQJ�SURMHFW���$FWLRQV�DUH
LQFOXGHG�LQ�WKH�SURSRVHG�SURMHFW�WR�SUHYHQW�SURMHFW�LQGXFHG�LPSDFWV�WR�2OG�)RUW
-DFNVRQ�DQG�WR�PLWLJDWH�DGYHUVH�LPSDFWV�WR�WKH�&�6�6��*HRUJLD�
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�� $OWHUQDWLYHV

��� 2YHUYLHZ�RI�$OWHUQDWLYHV

7KLV�FKDSWHU�GHVFULEHV���DOWHUQDWLYHV��LQFOXGLQJ�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH��IRU
WKH�SURSRVHG�GHHSHQLQJ�RI�6DYDQQDK�+DUERU���,W�DOVR�EULHIO\�VXPPDUL]HV�WKH
HQYLURQPHQWDO�FRQVHTXHQFHV�RI�WKHVH�DOWHUQDWLYHV���

(DUO\�LQ�WKH�IHDVLELOLW\�VWXG\��LW�ZDV�UHFRJQL]HG�WKDW�GLVWXUEDQFH�RI�WKH�H[LVWLQJ
FKDQQHO�EDQNV�DQG�DGMDFHQW�ODQGV�ZRXOG�FDXVH�D�QXPEHU�RI�DGYHUVH�HQYLURQPHQWDO
DQG�HFRQRPLF�LPSDFWV���6XEVHTXHQWO\��WKH�FKDQQHO�GHVLJQ�ZDV�PRGLILHG�WR�DOORZ�WKH
H[LVWLQJ�VLGH�VORSHV�WR�H[WHQG�IXUWKHU�WRZDUG�WKH�FHQWHU�RI�WKH�FKDQQHO�ZLWK�HDFK
SURMHFW�GHSWK�DQG��WKXV��RQO\�H[FDYDWH�FKDQQHO�EDQNV�ZKHUH�EHQG�ZLGHQHUV�ZRXOG
EH�QHFHVVDU\�WR�DGGUHVV�YHVVHO�PDQHXYHULQJ�FRQFHUQV���7KLV�GHVLJQ�FKDQJH�ZRXOG
JUHDWO\�PLQLPL]H�WKH�HQYLURQPHQWDO�LPSDFWV�RI�FKDQQHO�GHHSHQLQJ���,Q�HYDOXDWLQJ
WKH�LPSDFWV�RI�WKH�SURMHFW�DOWHUQDWLYHV�WKH�PD[LPXP�HQYLURQPHQWDO�LPSDFWV�ZRXOG
RFFXU�ZLWK�WKH����IW��$OWHUQDWLYH���'HWDLOHG�HQYLURQPHQWDO�VWXGLHV�ZHUH�SHUIRUPHG
IRU�ERWK�WKH�´:LWKRXW�3URMHFW�$OWHUQDWLYH�DQG�WKH����IW��$OWHUQDWLYH����7KLV�DSSURDFK
UHVXOWHG�LQ�LGHQWLILFDWLRQ�RI�WKH�´ZRUVW�FDVHµ�HQYLURQPHQWDO�LPSDFWV��7KH
HQYLURQPHQWDO�LPSDFWV�IRU�WKH������������DQG����IW��$OWHUQDWLYHV�DUH�GLVFXVVHG�LQ
6HFWLRQ�����

,Q�RUGHU�WR�GHWHUPLQH�WKH�IHDVLELOLW\�RI�WKH�SURSRVHG�GHHSHQLQJ�SURMHFW��WKH�SURSRVHG
VFRSH�RI�WKH�'(,6�LQFOXGHG�D�´ZRUVW�FDVH�VFHQDULRµ�DSSURDFK�DGGUHVVLQJ�WKH
SRWHQWLDO�IRU�WKH����IW��$OWHUQDWLYH���7KH�'(,6�SUHVHQWV�DQ�LPSDFWV�HYDOXDWLRQ�DQG
PLWLJDWLRQ�SODQ�EDVHG�RQ�WKH�ZRUVW�FDVH�VFHQDULR���$�PLWLJDWLRQ�SODQ�KDV�EHHQ
GHYHORSHG�ZKLFK�FRYHUV�WKH�W\SHV�DQG�FRVWV�RI�SRWHQWLDO�PLWLJDWLRQ��DQG�WKH�SURMHFW
UHPDLQV�HFRQRPLFDOO\�DQG�WHFKQLFDOO\�MXVWLILHG���$�QXPEHU�RI�FRPPHQWV�KDYH�EHHQ
SUHVHQWHG�DERXW�WKH�SURSRVHG�PLWLJDWLRQ�SODQ�LQFOXGHG�LQ�WKH�'(,6���(YHQ�WKRXJK�D
QXPEHU�RI�ILHOG�VWXGLHV��ZDWHU�TXDOLW\�PRGHOLQJ��YHJHWDWLYH�PDSSLQJ�DQG
HQYLURQPHQWDO�HYDOXDWLRQV�KDYH�EHHQ�SHUIRUPHG��WHFKQLFDO�XQFHUWDLQWLHV�VWLOO�H[LVW�LQ
XQGHUVWDQGLQJ�WKH�HIIHFWV�RI�WKH�V\VWHP�FKDQJHV�SURSRVHG���7KH�7LHU�,�(,6�SUHVHQWV�D
SURFHVV�LQ�WKH�&('�SKDVH�WR�DGGUHVV�WKH�FRQFHUQV�PDGH��LQFOXGLQJ�HYDOXDWLRQ�RI
LPSDFWV�DW�DOWHUQDWLYH�GHSWKV�DQG�GHYHORSPHQW�RI�D�ILQDO�PLWLJDWLRQ�SODQ���7KHVH
IXUWKHU�VWXGLHV�DQG�WKH�UHVXOWLQJ�PLWLJDWLRQ�SODQ�ZLOO�EH�VXEMHFW�WR�D�7LHU�,,�(,6
GXULQJ�WKH�GHVLJQ�SKDVH�WR�HQVXUH�IXOO�XQGHUVWDQGLQJ�DQG�DFFHSWDQFH�E\�WKH�QDWXUDO
UHVRXUFH�DJHQFLHV�RI�WKH�UHVXOWV�RI�WKH�PRGHO�VWXGLHV��HYDOXDWLRQ�RI�WKH�UHVXOWV�RI�WKH
PRGHO�VWXGLHV��DQG�GHILQLWLRQ�RI�WKH�ILQDO�PLWLJDWLRQ�SODQ�

&ORVLQJ�RII�WKH�ORZHU�HQG�RI�0LGGOH�5LYHU�DQG�WKH�R[ERZ�DW�'UDNLHV�&XW�DQG�UH�
HVWDEOLVKLQJ�IORZ�LQ�WKH�YLFLQLW\�RI�1HZ�&XW�KDV�EHHQ�LGHQWLILHG�DV�D�SRWHQWLDO
DYRLGDQFH�RSWLRQ�WR�PLQLPL]H�HQYLURQPHQWDO�HIIHFWV�RI�WKH�SURMHFW���7KH�FRQFOXVLRQV
SUHVHQWHG�KHUHLQ�UHIOHFW�D�FRPSDULVRQ�RI�WKH�H[SHFWHG�GHJUHH�RI�HIIHFW�EDVHG�RQ
PRGHOLQJ��ZKLFK�LQFOXGHV�FORVXUH�RI�0LGGOH�5LYHU����$GGLWLRQDO�PRGHOLQJ�KDV�EHHQ
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FRRUGLQDWHG�ZLWK�WKH�UHVRXUFH�DJHQFLHV�WR�DQDO\]H�WKH�HIIHFWV�RI�YDULRXV�VFHQDULRV�
LQFOXGLQJ�FORVXUH�RI�0LGGOH�5LYHU��ZKLFK�LQGLFDWHV�WKH�SRWHQWLDO�IRU��OHVV�LPSDFW��
0LGGOH�5LYHU�FORVXUH�LV�H[SHFWHG�WR�LVRODWH�VLJQLILFDQW�SRUWLRQV�RI�WKH�61:5�IURP
IORZV�IURP�WKH�)URQW�5LYHU�EHORZ�0F&R\·V�FXW���7KLV�LV�H[SHFWHG�WR�UHGXFH�WKH
LPSDFWV�WR�IUHVKZDWHU�PDUVK�LQ�WKH�61:5�DQG�DYRLG�LPSDFWV�WR�VWULSHG�EDVV
VSDZQLQJ�DUHDV�LQ�WKH�0LGGOH�DQG�%DFN�5LYHUV���7KLV�DYRLGDQFH�IHDWXUH�ZLOO�EH
VWXGLHG�IXUWKHU�LQ�WKH�&('�SKDVH�LQ�GHYHORSPHQW�RI�D�ILQDO�PLWLJDWLRQ�SODQ��ZKLFK
ZLOO�EH�VXEMHFWHG�WR�D�7LHU�,,�(,6�

7KH�SURSRVHG�DOWHUQDWLYH�LV�WKH����IRRW�DOWHUQDWLYH����7KLV�SODQ�ZRXOG�UHTXLUH�WKH
UHPRYDO�DQG�GLVSRVDO�RI�DSSUR[LPDWHO\����PLOOLRQ�FXELF�\DUGV�RI�QHZ�ZRUN�PDWHULDO
IURP�WKH�(QWUDQFH�&KDQQHO�DQG�DSSUR[LPDWHO\����PLOOLRQ�FXELF�\DUGV�IURP�WKH�LQQHU
KDUERU����'HWDLOHG�LQIRUPDWLRQ�DERXW�WKH�VRFLR�HFRQRPLF�HIIHFWV�RI�WKH�DOWHUQDWLYHV
DQG�WKH�LQFUHPHQWDO�FRVW�SURFHVV�WKDW�ZDV�XVHG�LQ�LGHQWLILFDWLRQ�RI�WKH�SURSRVHG
DOWHUQDWLYH�LV�IRXQG�LQ�WKH�)HDVLELOLW\�5HSRUW�

��� $OWHUQDWLYHV�&RQVLGHUHG

7KH�DOWHUQDWLYHV�DYDLODEOH�WR�DFFRPPRGDWH�ODUJHU�YHVVHOV�DQG�WR�DGGUHVV�WKH�VDIHW\
DQG�HIILFLHQF\�SUREOHP�RI�IXWXUH�YHVVHO�WUDQVLWV�WKURXJK�6DYDQQDK�+DUERU�DUH
OLPLWHG�DQG�FRQVLVW�RI�WKH�IROORZLQJ�

• :LWKRXW��3URMHFW

• ���IW�FKDQQHO�GHSWK

• ���IW�FKDQQHO�GHSWK

• ���IW�FKDQQHO�GHSWK

• ���IW�FKDQQHO�GHSWK

• ���IW�FKDQQHO�GHSWK

��� &RPPRQ�)HDWXUHV�RI�DOO�$OWHUQDWLYHV

• 'HHSHQ�WKH�EHUWKLQJ�DUHD�DW�*3$·V�&RQWDLQHU�%HUWK���WR�PDWFK�WKH�VHOHFWHG�FKDQQHO
GHSWK�

• 5HPRYH�GHEULV�HQFRXQWHUHG�RQ�WKH�ULYHU�EDQNV��RQ�WKH�H[LVWLQJ�ULYHU�ERWWRP��DQG�LQ
WKH�QHZ�ZRUN�SULVP�DQG�GLVSRVH�RI�LW�LQ�DQ�DSSURSULDWH�FRPPHUFLDO�GLVSRVDO�VLWH�

• :LGHQ�WKH�FKDQQHO�DW����EHQGV�WR�DOORZ�ORQJHU�DQG�GHHSHU�GUDIW�YHVVHOV�WR�VDIHO\
QDYLJDWH�WKH�FKDQQHO�

• :LGHQ�WKH�.LQJV�,VODQG�WXUQLQJ�EDVLQ�WR�VDIHO\�WXUQ�WKH�ODUJHU�YHVVHOV�

• &ORVXUH�RI�WKH�ORZHU�HQG�RI�0LGGOH�5LYHU�DQG�DW�WKH�R[ERZ�DW�'UDNLHV�&XW�DQG�UH�
HVWDEOLVKLQJ�IORZ�LQ�WKH�YLFLQLW\�RI�1HZ�&XW��
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'UHGJHG�0DWHULDO�'LVSRVDO�6LWHV�

• 5DLVH�WKH�GLNHV�DW�WKH�LQQHU�KDUERU�&')V�WR�H[WHQG�WKH�XVHIXO�OLIH�RI�WKH�VLWHV���7KH
GLNH�FRQVWUXFWLRQ�ZLOO�XVH�WKH�DYDLODEOH�VHGLPHQW�PDWHULDOV�VWRFNSLOHG�ZLWKLQ�WKH
&')V���7KLV�ZRUN�ZRXOG�EH�SHUIRUPHG�SULRU�WR�FKDQQHO�GHHSHQLQJ�

• 3ODFH�VHGLPHQWV�GUHGJHG�IURP�WKH�LQQHU�KDUERU�LQWR�H[LVWLQJ�&')V�RU�XVH�WKHP�IRU
FRQVWUXFWLRQ�RI�0LGGOH�5LYHU�FORVXUHV�

• 3ODFH�VHGLPHQWV�GUHGJHG�IURP�WKH�(QWUDQFH�&KDQQHO�LQWR�WKH�H[LVWLQJ�2FHDQ
'UHGJHG�0DWHULDO�'LVSRVDO�6LWH�DQG��LI�VXLWDEOH��IRU�FRQVWUXFWLRQ�RI�VXEPHUJHG
EHUPV�LQ�WKH�QHDUVKRUH�DUHD�DORQJ�WKH�(QWUDQFH�&KDQQHO��DQG�IRU�FRQVWUXFWLRQ�RI�D
IHHGHU�EHUP�RII�7\EHH�,VODQG�

��� :LWKRXW�3URMHFW�$OWHUQDWLYH

,Q�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH��LQHIILFLHQW�YHVVHO�WUDQVLWV�UHVXOWLQJ�IURP�OLJKW�
ORDGLQJ�DQG�WLGDO�GHOD\V�ZRXOG�FRQWLQXH�WR�RFFXU���(IILFLHQF\�DQG�VDIHW\�FRQFHUQV
ZRXOG�UHPDLQ�ZLWK�GRFNLQJ�DQG�WXUQLQJ�PDQHXYHUV�RI�ODUJHU�YHVVHOV���'UHGJLQJ�WR
PDLQWDLQ�FXUUHQWO\�DXWKRUL]HG�FKDQQHO�GHSWKV�LQ�WKH�6DYDQQDK�5LYHU��DV�ZHOO�DV�WKH
(&�LQ�WKH�$WODQWLF�2FHDQ��ZRXOG�FRQWLQXH���8VH�RI�SUHVHQW�GLVSRVDO�DUHDV�DQG
DSSURYHG�QHDUVKRUH�SODFHPHQW�DUHDV�WR�GHSRVLW�GUHGJHG�PDWHULDO�IURP�PDLQWHQDQFH
RSHUDWLRQV�ZRXOG�FRQWLQXH�DV�GHVFULEHG�LQ�WKH�/706��

����� 'UHGJLQJ

0DLQWHQDQFH�GUHGJLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�ZLOO�EH�UHTXLUHG�IRU�WKH�:LWKRXW
3URMHFW�$OWHUQDWLYH����7KLV�GUHGJLQJ�LV�W\SLFDOO\�SHUIRUPHG�RQ�D�\HDUO\�EDVLV��
$QDO\VLV�RI�KLVWRULF�GDWD�LV�SUHVHQWHG�LQ�WKH�(QJLQHHULQJ�$SSHQGL[�WR�WKH�)HDVLELOLW\
6WXG\�5HSRUW�

7KLV�DQDO\VLV�VKRZV�WKDW�WKH�TXDQWLW\�RI�PDLQWHQDQFH�GUHGJLQJ�IURP�WKH�,QQHU
+DUERU�DQQXDOO\�KDV�UHPDLQHG�MXVW�DERYH���PLOOLRQ�FXELF�\DUGV�RYHU�WKH�ODVW
���\HDUV���7KH�/706�LQGLFDWHG�WKDW�WKLV�YROXPH�LV�H[SHFWHG�WR�FRQWLQXH�WR�EH
UHPRYHG�WKURXJKRXW�WKH����\HDU�SHULRG�RI�DQDO\VLV�

����� 'LVSRVDO�6LWHV

������� ,QQHU�+DUERU�'LVSRVDO

8SODQG�VLWHV�DUH�XVHG�IRU�SODFHPHQW�RI�WKH�PDWHULDO�H[FDYDWHG�IURP�WKH�LQQHU�KDUERU
FKDQQHO�GXULQJ�PDLQWHQDQFH�RSHUDWLRQV����)LJXUH�����VKRZV�WKH�GLVSRVDO�IDFLOLWLHV
ZKLFK�DUH�FXUUHQWO\�XVHG�IRU�GLVSRVDO�RI�LQQHU�KDUERU�VHGLPHQWV����7KH�/706
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SUHVHQWHG�WKH�SODQV�IRU�IXWXUH�XVH�RI�WKHVH�VLWHV�IRU�PDLQWHQDQFH�PDWHULDO����1R
FKDQJHV�DUH�H[SHFWHG�LQ�WKH�VLWHV�XVHG�IRU�WKH�SODFHPHQW�RI�WKDW�PDWHULDO��H[FHSW�IRU
GLNLQJ�'LVSRVDO�$UHD���$�

2SHUDWLRQ�RI�WKH�&')V�ZRXOG�FRQWLQXH�WR�EH�PDQDJHG�WKH�SURWHFWLRQ�ZKLFK�PXVW�EH
SURYLGHG�WR�QHVWLQJ�PLJUDWRU\�ELUGV���1HVWLQJ�PLJUDWRU\�ELUGV�UHFHLYH�SURWHFWLRQ
XQGHU�WKH�0LJUDWRU\�%LUG�7UHDW\�$FW����8QGHU�WKDW�$FW��QHVWV��HJJV��RU�LQGLYLGXDO
ELUGV�FDQQRW�EH�GHVWUR\HG�XQOHVV�D�GHSUHGDWLRQ�SHUPLW�LV�REWDLQHG�IURP�WKH�8��6�
)LVK�DQG�:LOGOLIH�6HUYLFH��86):6�����6RPH�VSHFLHV�RI�PLJUDWRU\�ELUGV�GR�QHVW�LQ�WKH
6DYDQQDK�+DUERU�GLVSRVDO�DUHDV�DQG�FRXOG�EH�LPSDFWHG�ZKHQ�GLVSRVDO�RSHUDWLRQV
IORRG�WKH�LQWHULRU�RI�WKH�GLVSRVDO�VLWHV����2QFH�WKH�DUHD�LV�IORRGHG��QHVWLQJ�VLWHV�RQ�WKH
IORRU�RI�WKH�DUHD�DUH�QRW�DYDLODEOH�DQG�GLVSRVDO�RSHUDWLRQV�ZRXOG�QRW�LPSDFW�QHVWLQJ
PLJUDWRU\�ELUGV����'XH�WR�WKH�OHDG�WLPH�UHVXOWLQJ�IURP�UHTXLUHG�FRQWUDFWLQJ
SURFHGXUHV��SUHFLVH�WLPLQJ�RI�WKH�LQLWLDWLRQ�RI�D�GLVSRVDO�RSHUDWLRQ�LV�JHQHUDOO\�QRW
DYDLODEOH���7KHUHIRUH��VRPH�GHJUHH�RI�XQFHUWDLQW\�RIWHQ�H[LVWV�ZKHQ�GLVSRVDO
RSHUDWLRQV�DUH�VFKHGXOHG�IRU�WKH�GLVSRVDO�DUHDV�GXULQJ�WKH�0D\�WKURXJK�$XJXVW
QHVWLQJ�VHDVRQ����7KDW�XQFHUWDLQW\�LV�H[SHFWHG�WR�EH�HQFRXQWHUHG�WKURXJKRXW�WKH����
\HDU�SURMHFW�OLIH�

7KH�GLNHV�RI�WKH�FRQILQHG�GLVSRVDO�IDFLOLWLHV�DUH�SHULRGLFDOO\�UDLVHG�WR�LQFUHDVH�WKH
VWRUDJH�FDSDFLW\�RI�WKH�VLWHV���:LWK�WKH�FRQWLQXDWLRQ�RI�WKDW�SUDFWLFH��DOO�&')V��H[FHSW
'LVSRVDO�$UHD��$��DUH�SUHGLFWHG�WR�KDYH�D�UHPDLQLQJ�OLIH�WKDW�H[WHQGV�EH\RQG�WKLV
VWXG\
V����\HDU�SHULRG�RI�DQDO\VLV��

7KUHH�VLJQLILFDQW�FKDQJHV�DUH�H[SHFWHG�LQ�WKH�XVH�RI�H[LVWLQJ�XQGLNHG�GLVSRVDO�VLWHV��
����WKH�GLNLQJ�DQG�XVH�RI�'LVSRVDO�$UHD���$������WKH�URWDWLRQDO�XVH�RI�WKH�PLGGOH�DQG
ORZHU�KDUERU�&')V��DQG�����WKH�PDQDJHPHQW�RI�ZDWHU�OHYHOV�ZLWKLQ�DFWLYH�&')V�IRU
WKH�EHQHILW�RI�VKRUHELUGV�DQG�PLJUDWRU\�ELUGV���(DFK�RI�WKRVH�FKDQJHV�ZDV�GHVFULEHG
LQ�GHWDLO�LQ�WKH�/706�6WXG\���7KH�SRVLWLRQ�RI�WKH�6RXWK�&DUROLQD�2IILFH�RI�2FHDQ�DQG
&RDVWDO�5HVRXUFH�0DQDJHPHQW��6&�2&50���QDPHO\��WKDW�DOO�GUHGJHG�PDWHULDO
GLVSRVDO�VLWHV�VKRXOG�EH�FRQILQHG��GLNHG���WR�PLQLPL]H�LPSDFWV�WR�DGMDFHQW�PDUVKHV�
LV�H[SHFWHG�WR�UHPDLQ�WKURXJKRXW�WKH�VWXG\�SHULRG���%DVHG�RQ�WKDW�DVVXPSWLRQ�
'LVSRVDO�$UHD���$�ZLOO�QRW�EH�XVHG�XQWLO�GLNHV�DUH�FRQVWUXFWHG�DW�WKH�VLWH��

������� �(QWUDQFH�&KDQQHO�'LVSRVDO

6HGLPHQWV�GUHGJHG�IURP�WKH�(QWUDQFH�&KDQQHO�DUH�W\SLFDOO\�SODFHG�DW�WKH�6DYDQQDK
2'0'6�HDFK�\HDU����7KH�VLWH�LV�ORFDWHG�DERXW�����QDXWLFDO�PLOHV�RIIVKRUH�LQ����WR���
IHHW�RI�ZDWHU����'HSRVLWHG�VHGLPHQWV�JHQHUDOO\�PLJUDWH�IURP�WKH�VLWH��EHFDXVH�QR
VLJQLILFDQW�DFFXPXODWLRQ�KDV�EHHQ�HYLGHQW�HYHQ��WKRXJK�WKH�VLWH�KDV�EHHQ�XVHG�IRU
WKH�ODVW����\HDUV����7KH�6DYDQQDK�2'0'6�LV�H[SHFWHG�WR�EH�XVHG�DQG�WR�KDYH
VXIILFLHQW�FDSDFLW\�IRU�VXFK�XVH�WKURXJKRXW�WKH����\HDU�SHULRG�RI�DQDO\VLV�

)RU�WKH�(QWUDQFH�&KDQQHO��PDLQWHQDQFH�PDWHULDO�KDV�KLVWRULFDOO\�EHHQ�H[FDYDWHG�E\
KRSSHU�GUHGJH�DQG�GLVSRVHG�RI�LQ�WKH�86(3$�DSSURYHG�2'0'6����7KH�/706ª�(,6
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HYDOXDWHG�VHYHUDO�DOWHUQDWLYHV�WR�SODFHPHQW�RI�D�SRUWLRQ�RI�WKH�UHJXODU�(QWUDQFH
&KDQQHO�PDLQWHQDQFH�PDWHULDO�

8QGHU�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH��WKH�DJJUHJDWHG�RSWLRQ�VHOHFWHG�E\�WKH�/706
ZRXOG�FRQWLQXH�WR�EH�HPSOR\HG�IRU�(QWUDQFH�&KDQQHO�PDLQWHQDQFH�PDWHULDO����7KHVH
QHDUVKRUH�DOWHUQDWLYHV�LQFOXGHG�WKH�FRQVWUXFWLRQ�DQG�PDLQWHQDQFH�RI�QHDUVKRUH
VXEPHUJHG�PRXQGV��D�ELUG�LVODQG�RII�7XUWOH�,VODQG��QHDUVKRUH�IHHGHU�EHUPV��DQG
GLUHFW�EHDFK�SODFHPHQW�

������� (QYLURQPHQWDO�&RQFHUQV

(QYLURQPHQWDO�LPSDFWV�VLPLODU�WR�WKRVH�SUHVHQWO\�H[SHULHQFHG�IURP�DQQXDO�FKDQQHO
PDLQWHQDQFH�GUHGJLQJ�DQG�GLVSRVDO�RSHUDWLRQV�DUH�H[SHFWHG�WR�FRQWLQXH���
7HPSRUDU\�GHVWUXFWLRQ�RI�WKH�KDELWDW�IRU�HVWXDULQH�DQLPDOV�WKDW�DUH�IRXQG�LQ�WKH
VHGLPHQWV��SULPDULO\�ZRUPV�DQG�RWKHU�LQYHUWHEUDWHV��ZRXOG�FRQWLQXH�ZLWK
PDLQWHQDQFH�GUHGJLQJ����7KLV�LPSDFW�ZRXOG�EH�DPHOLRUDWHG�DV�QHDUE\�SLRQHHU
VSHFLHV�LQYDGH�WKH�QHZ�KDELWDW�DQG�UHHVWDEOLVK�SRSXODWLRQV�

6HGLPHQWV�WKDW�DUH�URXWLQHO\�UHPRYHG�IURP�WKH�FKDQQHO�IRU�PDLQWHQDQFH�ZRXOG�EH
UHORFDWHG�WR�WKH�SUHVHQW�GLVSRVDO�DUHDV����,PSDFWV�WKDW�KDYH�RFFXUUHG�DV�D�UHVXOW�RI
SUHYLRXV�DQG�FRQWLQXLQJ�GLVSRVDO�RSHUDWLRQV�ZRXOG�FRQWLQXH����+DELWDW�WKDW�KDV�EHHQ
DOWHUHG�LQ�WKH�GLVSRVDO�DUHDV�GXULQJ�SDVW�GUHGJLQJ�ZRXOG�EH�FRYHUHG�DQG�ORVW�WR�WKH
VSHFLHV�RI�WKH�DUHD����1HZ�LQGLYLGXDOV�ZRXOG�EH�H[SHFWHG�WR�UH�FRORQL]H�WKH�QHZO\
H[SRVHG�KDELWDW�

,PSDFWV�IURP�WKH�ZHLU�HIIOXHQW�IURP�H[LVWLQJ�&')V�ZRXOG�EH�H[SHFWHG�WR�FRQWLQXH
GXULQJ�WKH�SHULRGLF�GUHGJLQJ�F\FOHV����6SHFLHV�RI�ILVK�DQG�RWKHU�HVWXDULQH�OLIH�WKDW�XVH
VLWHV�DGMDFHQW�WR�WKH�ZHLUV�ZKHQ�QR�GLVFKDUJHV�DUH�RFFXUULQJ�PD\�OHDYH�WKH�DUHD
ZKHQ�WKH�ZHLUV�DUH�XVHG��DQG�UHWXUQ�DJDLQ�ZKHQ�GLVFKDUJHV�FHDVH�

0RVW�RI�WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�WKH�DUHD�DUH�QRW�H[SHFWHG�WR�FKDQJH
VLJQLILFDQWO\�GXULQJ�WKH����\HDU�SHULRG�RI�DQDO\VLV����6LQFH�WKH�K\GURG\QDPLFV�RI�WKH
H[LVWLQJ�FKDQQHO�ZLOO�QRW�FKDQJH��VDOLQLW\�DQG�'2�FRQGLWLRQV��ZKLFK�YDU\�JUHDWO\
ZLWK�WKH�WLGHV�DQG�IUHVKZDWHU�IORZV��ZLOO�UHPDLQ�DV�WKH\�DUH����$TXDWLF�KDELWDWV
VKRXOG��WKHUHIRUH��UHPDLQ�UHODWLYHO\�VWDEOH����(IIRUWV�WKDW�DUH�FXUUHQWO\�XQGHUZD\�WR
UHVWRUH�VWULSHG�EDVV�VSDZQLQJ�LQ�WKH�%DFN�DQG�0LGGOH�5LYHUV�DUH�H[SHFWHG�WR
FRQWLQXH���

0DUVK�YHJHWDWLRQ�DORQJ�WKH�0LGGOH�DQG�%DFN�5LYHUV�LV�H[SHFWHG�WR�FRQWLQXH�WR
FKDQJH�WR�VRPH�GHJUHH�LQ�UHVSRQVH�WR�WKH�ORZHU�VDOLQLWLHV�WKDW�UHVXOWHG�IURP�WKH
GLVFRQWLQXHG�XVH�RI�WKH�WLGH�JDWH���

7KH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�DUHD�KDV�SUHYLRXVO\�EHHQ
VXUYH\HG�IRU�VLJQLILFDQW�KLVWRULF�DQG�FXOWXUDO�UHVRXUFHV����2QO\���PDMRU�UHVRXUFHV��WKH
&�6�6��*HRUJLD�DQG�2OG�)RUW�-DFNVRQ��DUH�SUHVHQWO\�DIIHFWHG�E\�WKH�1DYLJDWLRQ�3URMHFW�
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��0HPRUDQGXPV�RI�$JUHHPHQW�DUH�LQ�ILQDO�SUHSDUDWLRQ�IRU�LGHQWLI\LQJ�DQG
PLWLJDWLQJ�WKH�HIIHFW�RI�WKH�H[LVWLQJ�3URMHFW�XSRQ�WKHVH�UHVRXUFHV�

��� 1DYLJDWLRQ�,PSURYHPHQW�$OWHUQDWLYHV�&RQVLGHUHG�LQ�'HWDLO

$OWHUQDWLYH�GHSWKV�ZHUH�FRQVLGHUHG�IRU�WKH�SURSRVHG�QDYLJDWLRQ�LPSURYHPHQW���
7KHVH�DOWHUQDWLYHV�SULPDULO\�GLIIHU�E\�WKH�DPRXQW�RI�GHHSHQLQJ�SURSRVHG���7KH�QHZ
DXWKRUL]HG�FKDQQHO�GHSWKV�ZRXOG�EH�DV�IROORZV��²����IHHW�0/:�²����IHHW�0/:�����
IHHW�0/:��²����IHHW�0/:��DQG�²����IHHW�0/:���7KH�YROXPHV�RI�VHGLPHQW�UHTXLUHG�WR
EH�UHPRYHG�WR�FRQVWUXFW�WKHVH�GHHSHU�FKDQQHOV�DUH�VKRZQ�LQ�7DEOH������$OO�YROXPHV
LQFOXGH�VLGH�VORSHV��DGYDQFH�PDLQWHQDQFH��URFN�KDUG�PDWHULDO�WROHUDQFH�DQG
DOORZDEOH�RYHUGHSWK��ZKHUH�DSSOLFDEOH���$�IXUWKHU�GHVFULSWLRQ�RI�WKH�SURSRVHG
GUHGJLQJ�LV�IRXQG�LQ�WKH�(QJLQHHULQJ�$SSHQGL[���'UHGJLQJ�TXDQWLWLHV�GHVFULEHG�DV
´'XULQJ�'HHSHQLQJµ�LQFOXGH�ERWK�QHZ�ZRUN�DQG�PDLQWHQDQFH�VHGLPHQW�PDWHULDOV�

7DEOH�����$OWHUQDWLYH�'UHGJLQJ�4XDQWLWLHV�%\�5HDFK

<DUGDJH
5DQJH ���)RRW ���)RRW ���)RRW ���)RRW

����������WR������� ��������� ��������� ������� �������
����������WR������ ���������� ��������� ��������� ���������

%DU�&KDQQHO ���������� ���������� ��������� ���������
������WR������� ��������� ��������� ��������� �������
�������WR������� ��������� ��������� ��������� ���������
�������WR������� ��������� ��������� ��������� ���������
�������WR������� ��������� ��������� ��������� ���������
�������WR�������� ��������� ��������� ��������� ���������
,QQHU�+DUERU ���������� ���������� ���������� ���������

7RWDO��0&<� ���� ���� ���� ����

7KH�IROORZLQJ�FRPSRQHQWV�UHPDLQ�WKH�VDPH�IRU�HDFK�GHHSHQLQJ�DOWHUQDWLYH�
&KDQQHO�,PSURYHPHQWV�

• :LGHQ�WKH�FKDQQHO�DW����EHQGV�WR�DOORZ�ORQJHU�DQG�GHHSHU�GUDIW�YHVVHOV�WR�VDIHO\
QDYLJDWH�WKH�FKDQQHO�

• :LGHQ�WKH�.,7%�WR�DFFRPPRGDWH�VDIH�PDQHXYHULQJ�RI�WKH�ODUJHU�YHVVHOV�
'UHGJHG�0DWHULDO�'LVSRVDO�$UHDV�

• 3ODFH�PDWHULDO�GUHGJHG�IURP�WKH�LQQHU�KDUERU�LQWR�H[LVWLQJ�&')V��RU�XVH�WR�FRQVWUXFW
0LGGOH�5LYHU�FORVXUHV�

• 3ODFH�PDWHULDO�GUHGJHG�IURP�WKH�(QWUDQFH�&KDQQHO�LQWR�WKH�2FHDQ�'LVSRVDO�6LWH�
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• 3ODFH�VXLWDEOH�QHZ�ZRUN�PDWHULDO�IURP�WKH�(QWUDQFH�&KDQQHO�LQWR�D�VHULHV�RI
VXEPHUJHG�EHUPV�DORQJ�WKH�(QWUDQFH�&KDQQHO��RU�D�VXEPHUJHG�IHHGHU�EHUP�LQ�WKH
QHDUVKRUH�RII�7\EHH�,VODQG�

• 3ODFH�VXLWDEOH�QHZ�ZRUN�PDWHULDO�GLUHFWO\�RQ�WKH�EHDFK�RU�ZLWKLQ�WKH�VXUI�]RQH�RI
WKH�VKRUHOLQH�DW�WKH�QRUWKHUQ�VKRUH�RI�7\EHH�,VODQG�RU�DW�'DXIXVNLH�,VODQG�

• 5DLVH�GLNHV�LQ�H[LVWLQJ�&')V���
0DLQWHQDQFH�'UHGJLQJ�

• 0DLQWHQDQFH�GUHGJLQJ�ZRXOG�RFFXU�ZLWK�HDFK�DOWHUQDWLYH���7KH�DQQXDO�TXDQWLW\�RI
VHGLPHQWV�UHPRYHG�IURP�WKH�LQQHU�KDUERU�LV�H[SHFWHG�WR�UHPDLQ�FRQVWDQW�DQG�WKH
ORFDWLRQ�RI�WKH�VKRDOLQJ�LV�QRW�H[SHFWHG�WR�VKLIW�VLJQLILFDQWO\�ZLWK�LQFUHDVLQJ�FKDQQHO
GHSWK���7KH�DQQXDO�TXDQWLW\�RI�VHGLPHQWV�UHPRYHG�IURP�WKH�(QWUDQFH�&KDQQHO
ZRXOG�LQFUHDVH�VRPHZKDW�GXH�WR�WKH�DGGLWLRQDO�OHQJWK�RI�(QWUDQFH�&KDQQHO�WKDW
ZRXOG�QHHG�WR�EH�PDLQWDLQHG�ZLWK�D�GHHSHU�FKDQQHO�

'UHGJHG�0DWHULDO�'LVSRVDO�6LWHV�IRU�0DLQWHQDQFH�6HGLPHQWV�

• 7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�KDV�VHYHUDO�DSSURYHG�RSWLRQV�IRU�SODFHPHQW�RI
VHGLPHQWV�UHPRYHG�GXULQJ�QRUPDO�PDLQWHQDQFH�GUHGJLQJ���7KRVH�RSWLRQV�LQFOXGH
WKH�IROORZLQJ�������H[LVWLQJ�&')V������WKH�2'0'6������WKH�QHDUVKRUH�VXEPHUJHG
IHHGHU�EHUP�RII�7\EHH�,VODQG������D�VHULHV�RI�VXEPHUJHG�EHUPV�DORQJ�WKH�QDYLJDWLRQ
FKDQQHO��DQG�����GLUHFW�EHDFK�SODFHPHQW���0DLQWHQDQFH�RI�WKH�LPSURYHG�FKDQQHO
ZRXOG�XVH�WKH�VDPH�GUHGJHG�PDWHULDO�SODFHPHQW�RSWLRQV�DQG�FRQWLQXH�WR�IROORZ�WKH
GUHGJHG�PDWHULDO�PDQDJHPHQW�SODQ�GHYHORSHG�LQ�/706�

����� ,QQHU�+DUERU�'UHGJLQJ

7KH�PD[LPXP�DOWHUQDWLYH�EHLQJ�HYDOXDWHG�XQGHU�WKH�'(,6�LV�DQ���IRRW�GHHSHQLQJ
SURMHFW��DXWKRUL]HG�GHSWK�RI����IHHW�0/:����&RQVWUXFWLRQ�GUHGJLQJ�IRU�WKLV�SURMHFW�LV
DQWLFLSDWHG�WR�FRPPHQFH�LQ�-XO\���������'HHSHQLQJ�PDWHULDO�H[FDYDWHG�IURP�WKH
LQQHU�KDUERU�ZLOO�EH�SODFHG�LQ�H[LVWLQJ�XSODQG�&')V�RU�XVHG�WR�FRQVWUXFW�0LGGOH
5LYHU�FORVXUHV����0DWHULDO�IURP�WKH�(QWUDQFH�&KDQQHO�ZLOO�EH�SODFHG�LQ�WKH�2'0'6
DQG��LI�WKH�VHGLPHQWV�DUH�GHWHUPLQHG�WR�EH�VXLWDEOH��LQ�QHDUVKRUH�EHQHILFLDO�XVH
ORFDWLRQV�

6DYDQQDK�+DUERU�SUHVHQWO\�KDV���GLNHG�GLVSRVDO�DUHDV��&')V��WKDW�DUH�XVHG�IRU
DQQXDO�PDLQWHQDQFH�GUHGJLQJ����7KHVH�&')V�DUH�SURYLGHG�DQG�PDLQWDLQHG�E\
&KDWKDP�&RXQW\��DV�SDUW�RI�WKHLU�UHVSRQVLELOLWLHV�DV�WKH�QRQ�IHGHUDO�VSRQVRU�RI�WKH
)HGHUDO�1DYLJDWLRQ�3URMHFW����7KH�*HRUJLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��*$'27�
SURYLGHV�IXQGLQJ��GHVLJQ��DQG�FRQWUDFW�DGPLQLVWUDWLRQ�VHUYLFHV�WR�WKH�&RXQW\���7KH
QRQ�IHGHUDO�VSRQVRU�IRU�WKH�SURSRVHG�GHHSHQLQJ�SURMHFW��*3$��ZLOO�EH�UHVSRQVLEOH
IRU�HQVXULQJ�WKDW�DGHTXDWH�VWRUDJH�FDSDFLW\�LQ�WKH�&')V�LV�DYDLODEOH�SULRU�WR�WKH
FRPPHQFHPHQW�RI�GUHGJLQJ�IRU�WKH�GHHSHQLQJ�SURMHFW����*3$�ZLOO�DOVR�EH
UHVSRQVLEOH�IRU�UHSODFLQJ�VWRUDJH�FDSDFLW\�LQ�WKH�&')V�ORVW�DV�D�UHVXOW�RI�SODFLQJ�QHZ
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ZRUN�VHGLPHQWV�LQ�D�&')�FRQVWUXFWHG�WR�SURYLGH�VWRUDJH�FDSDFLW\�IRU�PDLQWHQDQFH
GUHGJLQJ�RSHUDWLRQV�

(VWLPDWHV�RI�WKH�YROXPHV��E\�UHDFK��RI�QHZ�ZRUN�VHGLPHQWV�WR�EH�GUHGJHG�DUH
VKRZQ�LQ�7DEOH��������7KH�TXDQWLW\�UHSUHVHQWV�WKH�YROXPH�RI�PDWHULDO�LQ�WKH�SD\
SULVP����7KH�SD\�SULVP�LV�GHILQHG�DV�WKH�GUHGJLQJ�GHSWK�DQG�ZLGWK�SOXV���IHHW�RI
DOORZDEOH�RYHUGHSWK����7KH�UHTXLUHG�SULVP�LQFOXGHV�SUHVHUYLQJ�WKH�H[LVWLQJ
DXWKRUL]HG�DGYDQFH�PDLQWHQDQFH�VHFWLRQV�LQ�WKH�FKDQQHO����7KH�H[SDQVLRQ�SURMHFW�LV
LQ�VLPSOH�WHUPV�DQ�DGGLWLRQ�RI���IHHW�WR�WKH�FXUUHQWO\�DXWKRUL]HG�SURMHFW�GHSWK�

7KH�YROXPHV�LQ�WKH�WDEOH�DUH�WDNHQ�IURP�WKH�(QJLQHHULQJ�$SSHQGL[�DQG�DUH
GLVFXVVHG�LQ�GHWDLO�WKHUHLQ�
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7DEOH�����(VWLPDWHG�9ROXPH�RI�,QQHU�+DUERU�0DWHULDO�LQ�1HZ�:RUN�3ULVP

/LPLWV�RI�5HDFK
%\�6WDWLRQ

9ROXPH
�FXELF�\DUGV�
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$Q�HVWLPDWH�RI�WKH�SHUFHQWDJHV�DQG�W\SHV�RI�PDWHULDOV�WR�EH�GUHGJHG�LV�UHTXLUHG�WR
GHWHUPLQH�LQLWLDO�VWRUDJH�UHTXLUHPHQWV�IRU�WKH�GUHGJLQJ�RSHUDWLRQV���)LQH�JUDLQHG
PDWHULDO��SULPDULO\�VLOWV�DQG�FOD\V�SDVVLQJ�WKH�1XPEHU�����VLHYH��JHQHUDOO\�VSUHDG�LQ
D�&')�DQG�VHWWOH�DFURVV�WKH�HQWLUH�SRQGHG�VXUIDFH�RI�WKH�DUHD���&RDUVH�JUDLQHG
PDWHULDOV�VHWWOH�PXFK�PRUH�UDSLGO\�DQG�FDQ�EH�VWRFNSLOHG�DERYH�WKH�SRQGHG
HOHYDWLRQ�DQG�XVHG�IRU�IXWXUH�GLNH�LPSURYHPHQW�SURMHFWV�

&RDUVH�JUDLQHG�VDQGV�ZRXOG�EH�VWRFNSLOHG�DORQJ�WKH�IURQW�GLNH�RI�HDFK�&')�IRU�XVH
LQ�IXWXUH�GLNH�LPSURYHPHQWV���7KLV�PDWHULDO�FDQ�EH�PRXQGHG�DERYH�WKH�WRS�HOHYDWLRQ
RI�WKH�GLNH�LI�IORZV�IURP�WKH�GUHGJH�SLSH�DUH�GLUHFWHG�DZD\�IURP�WKH�GLNH���7KLV�FDQ
EH�DFFRPSOLVKHG�E\�VKDSLQJ�WKH�GHSRVLWHG�VHGLPHQWV�DQG�GLUHFWLQJ�IORZV�ZLWK
HDUWKPRYLQJ�HTXLSPHQW���7KH�DGYDQWDJH�WR�PRXQGLQJ�WKH�VDQGV�LV�WKDW�WKLV�UHGXFHV
WKH�GLVSRVDO�FDSDFLW\�UHTXLUHG�WR�VWRUH�WKH�VHGLPHQWV�GUHGJHG�GXULQJ�GHHSHQLQJ���
)RU�WKLV�SURMHFW��LW�ZDV�DVVXPHG�WKDW����SHUFHQW�RI�WKH�VDQGV�FRXOG�EH�PRXQGHG
DORQJ�WKH�IURQW�GLNH��SURYLGHG�WKDW�D�FRQWDLQPHQW�EHUP�ZDV�FRQVWUXFWHG�LQVLGH�WKH
GLVSRVDO�DUHD�SDUDOOHO�WR�WKH�IURQW�GLNH�

7KHUH�DUH���&')V�LQ�WKH�LQQHU�KDUERU�WKDW�DUH�DGMDFHQW�WR�WKH�FKDQQHO�WR�EH�GHHSHQHG�
��7KHVH�DUHDV�KDYH�EHHQ�FRQVWUXFWHG�DQG�PDLQWDLQHG�IRU�ORQJ�WHUP�PDLQWHQDQFH
GUHGJLQJ�RSHUDWLRQV�RI�WKH�H[LVWLQJ�3URMHFW����+RZHYHU��WKH\�DUH�DYDLODEOH�IRU
QDYLJDWLRQ�LPSURYHPHQW�SURMHFWV�DV�ORQJ�DV�WKH�VWRUDJH�FDSDFLW\�ORVW�DV�D�UHVXOW�RI
SODFHPHQW�RI�QHZ�ZRUN�VHGLPHQWV�LQWR�WKH�DUHD�LV�UHSODFHG����&KDWKDP�&RXQW\��LQ
FRQMXQFWLRQ�ZLWK�*$'27��KDV�GHYHORSHG�SODQV�IRU�VHYHUDO�GLNH�LPSURYHPHQW
SURMHFWV�RYHU�WKH�QH[W���\HDUV����7KHVH�SODQV�KDYH�EHHQ�FRQVLGHUHG�LQ�GHWHUPLQLQJ
ZKLFK�&')V�ZLOO�EH�DYDLODEOH�IRU�GUHGJLQJ�RSHUDWLRQV�EHJLQQLQJ�LQ�-XO\���������7KHVH
SODQV�KDYH�DOVR�EHHQ�FRQVLGHUHG�LQ�SODQQLQJ�PDLQWHQDQFH�GUHGJLQJ�RSHUDWLRQV�IRU
ILVFDO�\HDU�������DQG�LQ�HVWLPDWLQJ�GLVSRVDO�DUHD�FDSDFLWLHV�WKURXJK�-XQH������

$W�WKH�WLPH�GUHGJLQJ�LV�DQWLFLSDWHG�WR�FRPPHQFH��'LVSRVDO�$UHD��$�LV�H[SHFWHG�WR�EH
XQDYDLODEOH�IRU�XVH�DQG�WKHUH�ZLOO�EH�LQVXIILFLHQW�WLPH�IRU�WKH�*$'27�RU�WKH�SURMHFW
QRQ�)HGHUDO�VSRQVRU�WR�UDLVH�WKH�GLNHV�SULRU�WR�FRPPHQFHPHQW�RI�GUHGJLQJ����%DVHG
RQ�WKH�*$'27
V�SODQV�DQG�IXQGLQJ�UHVRXUFHV��LW�LV�DQWLFLSDWHG�WKDW�'LVSRVDO
$UHDV���$����%����$����%��DQG�-RQHV�2\VWHUEHG�,VODQG�ZLOO�EH�DYDLODEOH�ZKHQ
GUHGJLQJ�IRU�WKH�SURSRVHG�GHHSHQLQJ�SURMHFW�FRPPHQFHV����7KH�H[LVWLQJ�&')
FDSDFLWLHV�ZLOO�EH�UHGXFHG�DV�D�UHVXOW�RI���\HDUV�RI�PDLQWHQDQFH�GUHGJLQJ�WKDW�ZLOO�EH
FRPSOHWHG�EHIRUH�-XO\�������

'LVWULFW�VWDII�SHUIRUPHG�DQ�DQDO\VLV�WR�GHWHUPLQH�LI�WKHUH�ZRXOG�EH�VXIILFLHQW�&')
VWRUDJH�FDSDFLW\�DYDLODEOH�LQ�-XO\���������%DVHG�RQ�WKLV�DQDO\VLV��WKH�GLNHV�LQ�'LVSRVDO
$UHDV���$����%��DQG�-RQHV�2\VWHUEHG�,VODQG�UHTXLUH�UDLVLQJ���7KH�GLNHV�LQ�'LVSRVDO
$UHD���$�UHTXLUH�UDLVLQJ�EHFDXVH�WKH�YROXPH�RI�PDWHULDO�EHLQJ�SODFHG�LQWR�WKH�VLWH
H[FHHGV�WKH�HVWLPDWHG�DYDLODEOH�FDSDFLW\����7KH�GLNHV�LQ�'LVSRVDO�$UHDV���%�DQG
-RQHV�2\VWHUEHG�,VODQG�UHTXLUH�UDLVLQJ�WR�SURYLGH�VXIILFLHQW�GLNH�KHLJKW�IRU
IUHHERDUG�DQG�SRQGHG�ZDWHU�QHFHVVDU\�IRU�WKH�GUHGJLQJ�RSHUDWLRQV�
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7KH�LQQHU�KDUERU�GUHGJLQJ�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW�FDQ�EH
DFFRPSOLVKHG�XVLQJ�WKH�H[LVWLQJ�&')V����1R�QHZ�GLVSRVDO�DUHDV�ZLOO�EH�UHTXLUHG�
KRZHYHU��VRPH�GLNH�UDLVLQJ�ZLOO�EH�UHTXLUHG�WR�SURYLGH�VWRUDJH�FDSDFLW\��SRQGHG
ZDWHU�GHSWK��DQG�IUHHERDUG����0RXQGLQJ�RI�FRDUVH�JUDLQHG�PDWHULDO�DGMDFHQW�WR�WKH
IURQW�GLNH�ZLOO�DOVR�EH�UHTXLUHG�WR�PLQLPL]H�WKH�QHHG�IRU�GLNH�LPSURYHPHQWV����7KLV
FDQ�HDVLO\�EH�DFFRPSOLVKHG�ZLWK�WKH�FRQVWUXFWLRQ�RI�D�FRPSDUWPHQW�LQVLGH�WKH
H[LVWLQJ�&')V���7DEOH�����VKRZV�WKH�KHLJKW�RI�ILOO�IURP�WKH�SURSRVHG�SURMHFW�
H[FOXVLYH�RI�WKH�VWRFNSLOH��LQ�HDFK�&')�DQG�DVVXPHV�WKDW�VRPH�PDWHULDO�LV�PRXQGHG
DQG�LV�DYDLODEOH�IRU�IXWXUH�GLNH�LPSURYHPHQW�SURMHFWV����,W�ZDV�DVVXPHG�WKDW�WKH�ILQH�
JUDLQHG�PDWHULDO�ZRXOG�EH�GHZDWHUHG�DQG�FRQVROLGDWHG�RYHU�WLPH�WR�HTXDO�WKH
YROXPH�PHDVXUHG�LQ�VLWX�LQ�WKH�FKDQQHO�

7DEOH�����'LVSRVDO�$UHD�&DSDFLW\�5HTXLUHG�IRU�'HHSHQLQJ

'LVSRVDO�$UHD
6WRUHG�9ROXPH
�FXELF�\DUGV�

'LVSRVDO�$UHD
�DFUHV�

)LOO�+HLJKW
�IHHW�

��$ ��������� ����� �
��% ��������� ��� �
��$ ��������� ��� �
��% ��������� ��� �

-RQHV�2\VWHUEHG ��������� ��� �

����� (QWUDQFH�&KDQQHO�'UHGJLQJ

������� 2FHDQ�'UHGJHG�0DWHULDO�'LVSRVDO�6LWH��2'0'6�

7KH�6DYDQQDK�+DUERU�2'0'6��VHH�)LJXUH������LV�WKH�SULPDU\�KLVWRULF�UHSRVLWRU\�RI
WKH�(QWUDQFH�&KDQQHO�VHGLPHQWV���7KH�86(3$�DSSURYHG�XQFRQILQHG�RIIVKRUH�RSHQ
ZDWHU�VLWH��UHIHUUHG�WR�DV�WKH�6DYDQQDK�+DUERU�2'0'6��LV�ORFDWHG�VRXWK�RI�WKH
HQWUDQFH�FKDQQHO�DQG�DSSUR[LPDWHO\�����QDXWLFDO�PLOHV�RIIVKRUH�RI�/LWWOH�7\EHH
,VODQG��*HRUJLD���$PELHQW�ZDWHU�GHSWKV�VXUURXQGLQJ�WKH�2'0'6�YDU\�EHWZHHQ
DSSUR[LPDWHO\�����DQG�����IHHW�0/:����0DLQWHQDQFH�GUHGJLQJ�VHGLPHQWV�DQG�1:
PDWHULDO�DUH�SURSRVHG�WR�EH�GHSRVLWHG�ZLWKLQ�WKH������VTXDUH�QDXWLFDO�PLOH�2'0'6�
ZKLFK�LV�FHQWHUHG�DW�������·���µ�1�DQG�������·���µ�:���7KH�VLWH�LV�IXUWKHU�GHVFULEHG�LQ
���&)5�3DUW��������K�������7KDW�GRFXPHQW�LQGLFDWHV�WKH�RQO\�VHGLPHQW�PDWHULDO�WR�EH
SODFHG�LQ�WKH�6DYDQQDK�+DUERU�2'0'6�LV�IURP�WKH�6DYDQQDK�+DUERU�DUHD���6LWH
VWRUDJH�FDSDFLW\�RI�WKH�DSSUR[LPDWHO\�������DFUH�2'0'6�IDU�H[FHHGV�WKH�DQQXDO
YROXPHV�RI�VHGLPHQWV�WKDW�DUH�REWDLQHG�GXULQJ�DQQXDO�PDLQWHQDQFH�GUHGJLQJ
DFWLYLWLHV���$�EDWK\PHWULF�VXUYH\�RI�WKH�2'0'6�FRQGXFWHG�LQ�0D\�-XQH�����
UHYHDOHG�WKDW�SULRU�GLVSRVDO�RSHUDWLRQV�KDYH�JHQHUDOO\�RFFXUUHG�LQ�WKH�QRUWKHDVW
TXDGUDQW�RI�WKH�VLWH��UHVXOWLQJ�LQ�D�PRXQG�RI�GHSRVLWHG�VHGLPHQW�DW�HOHYDWLRQ�����IHHW
0/:�
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8VH�RI�WKH�2'0'6�IRU�SODFHPHQW�RI�QRQ�KD]DUGRXV�GUHGJHG�VHGLPHQW�PDWHULDOV�KDV
EHHQ�DSSURYHG�E\�VWDWH�DQG�IHGHUDO�HQYLURQPHQWDO�DJHQFLHV�DIWHU�UHFHLYLQJ�H[WHQVLYH
UHYLHZ���$�6LWH�0DQDJHPHQW�3ODQ�IRU�WKH�2FHDQ�'LVSRVDO�6LWH�ZDV�VLJQHG�E\�86$&(
DQG�(3$�LQ������WR�GHVFULEH�ZKDW�DFWLRQV�ZRXOG�EH�WDNHQ�WR�PDQDJH�WKH�VLWH���$
FRS\�RI�WKDW�3ODQ�LV�LQFOXGHG�LQ�(QFORVXUH�'�RI�WKLV�'(,6���$�KRSSHU�GUHGJH�
K\GUDXOLF�SLSHOLQH�GUHGJH��FODPVKHOO�GUHGJH��RU�VLPLODU�HTXLSPHQW�ZRXOG�EH�XVHG�WR
GHHSHQ�DQG�PDLQWDLQ�WKH�(QWUDQFH�&KDQQHO�

0RVW��LI�QRW�DOO��RI�WKH�GUHGJHG�VHGLPHQW�PDWHULDOV�WKDW�ZRXOG�EH�FRQVLGHUHG�IRU
RFHDQ�GLVSRVDO�ZRXOG�RULJLQDWH�IURP�WKH�(QWUDQFH�&KDQQHO�RI�WKH�KDUERU����7KH
2'0'6�ZLOO�EH�WKH�PDLQ�GLVSRVDO�VLWH�IRU�QHZ�ZRUN�PDWHULDO�RULJLQDWLQJ�IURP�WKH
(QWUDQFH�&KDQQHO���'UHGJHG�PDWHULDO�ZLOO�EH�SODFHG�LQ�WKH�2'0'6�XVLQJ�SULPDULO\
KRSSHU�GUHGJHV��ZKLFK�DUH�DSSURYHG�WR�RSHUDWH�IURP�'HFHPEHU�WKURXJK�0DUFK���
3RWHQWLDO�FRQIOLFWV�LQ�VFKHGXOLQJ�KRSSHU�GUHGJHV�GXULQJ�WKH�DSSURYHG�RSHUDWLRQDO
SHULRG��DQG�SRWHQWLDO�HFRORJLFDO�DQG�VRFLDO�EHQHILWV�FUHDWHG�E\�DOWHUQDWLYH�QHDUVKRUH
SODFHPHQW�PDNHV�EHQHILFLDO�XVH�RI�VXLWDEOH�GUHGJHG�VHGLPHQW�PDWHULDOV�DQ�DWWUDFWLYH
DOWHUQDWLYH�WR�RFHDQ�GLVSRVDO�

������� %HQHILFLDO�8VH�$OWHUQDWLYHV�

$V�SDUW�RI�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW��DQ�HYDOXDWLRQ�RI�EHQHILFLDO�XVHV
ZDV�XQGHUWDNHQ�WR�HYDOXDWH�DOWHUQDWLYH�SODFHPHQW�DUHDV�IRU�KLJKHU�TXDOLW\�GUHGJHG
VHGLPHQWV����7KH�HYDOXDWLRQ�RI�SODFHPHQW�RI�GUHGJHG�VHGLPHQWV�IRU�EHQHILFLDO�XVDJH
LV�PDQGDWHG�E\�ZDWHU�UHVRXUFH�OHJLVODWLRQ���7KH�DGYDQWDJHV�DQG�REMHFWLYHV�IRU�WKH
XVH�RI�DOWHUQDWLYH�SODFHPHQW�VLWHV�DUH�DV�IROORZV�

• 7R�SURWHFW��UHVWRUH��RU�FUHDWH�DTXDWLF�DQG�HFRORJLFDOO\�UHODWHG�KDELWDWV�WKDW�DUH
HFRQRPLFDOO\�DQG�VRFLDOO\�EHQHILFLDO�

• 7R�FRQVHUYH�VSDFH�DW�DSSURYHG�RFHDQ�GLVSRVDO�VLWHV�IRU�WKH�GLVSRVDO�RI�ORZHU
TXDOLW\�GUHGJH�PDWHULDO�

• 7R�QRXULVK�EHDFKHV�DQG�VKRUHOLQHV�WKDW�KDYH�EHHQ�GHJUDGHG�E\�HURVLRQ�

• 7R�UHGXFH�ZDYH�HQHUJ\�RQ�QHDUVKRUH�HQYLURQPHQWV�DQG�VKRUHOLQHV�

3UHYLRXV�HYDOXDWLRQV�LGHQWLILHG�VHYHUDO�EHQHILFLDO�XVHV�IRU�GUHGJHG�VHGLPHQW
PDWHULDOV�JHQHUDWHG�IURP�6DYDQQDK�+DUERU���7KHVH�LQFOXGH�WKH�FRQVWUXFWLRQ�DQG
PDLQWHQDQFH�RI�D�ELUG�LVODQG��QHDUVKRUH�VXEPHUJHG�EHUPV��DQG�GLUHFW�EHDFK
SODFHPHQW����1HDUVKRUH�VXEPHUJHG�EHUPV�PD\�EH�LQ�WKH�IRUP�RI�IHHGHU�EHUPV��ZKLFK
FRQWULEXWH�PDWHULDO�WR�7\EHH�,VODQG·V�VDQG�VKDULQJ�V\VWHP��RU�VXEPHUJHG�EHUPV
FRQVWUXFWHG�IXUWKHU�RIIVKRUH�WR�ERWK�DWWHQXDWH�ORFDO�ZDYH�HQHUJ\�DQG�NHHS�VHGLPHQWV
LQ�WKH�VDQG�VKDULQJ�V\VWHP�RI�*HRUJLD·V�EDUULHU�LVODQGV����7KHVH�DOWHUQDWLYHV�ZHUH
FRQVLGHUHG�IRU�PDWHULDO�GUHGJHG�GXULQJ�WKH�PDLQWHQDQFH�RI�WKH�FKDQQHO��2	0
PDWHULDO���DQG�DUH�GHVFULEHG�LQ�WKH�/706�UHSRUW��86$&(����������
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&RQVWUXFWLRQ�RI�D�ELUG�LVODQG�WR�EH�ORFDWHG�VRXWKHDVW�RI�7XUWOH�,VODQG�LV�FXUUHQWO\
EHLQJ�GHVLJQHG�DQG�ZRXOG�EH�LPSOHPHQWHG�DV�SDUW�RI�D�SUHYLRXVO\�DSSURYHG
PLWLJDWLRQ�SODQ����7KH�SRWHQWLDO�XVH�RI�GUHGJHG�PDWHULDO�REWDLQHG�GXULQJ�WKLV�KDUERU
LPSURYHPHQW�IRU�XVH�LQ�FRQVWUXFWLQJ�WKH�ELUG�LVODQG�DQG�WKH�DVVRFLDWHG�LPSDFWV�DUH
FXUUHQWO\�EHLQJ�HYDOXDWHG�E\�WKH�86$&(�DQG�RWKHUV����7KH�SODFHPHQW�ORFDWLRQV�IRU
WKH�VXEPHUJHG�EHUPV�LGHQWLILHG�LQ�WKH�/706�DUH�EHLQJ�UHVHUYHG�IRU�IXWXUH�2	0
PDWHULDO�WKDW�ZRXOG�EH�VXLWDEOH�IRU�EHUP�FRQVWUXFWLRQ����7KHUHIRUH��EHQHILFLDO�XVH
DOWHUQDWLYHV�WKDW�DUH�EHLQJ�FRQVLGHUHG�IRU�WKH�([SDQVLRQ�3URMHFW�DUH�IHHGHU�EHUPV
DQG�GLUHFW�EHDFK�SODFHPHQW�

��������� &RQVLGHUDWLRQV�RI�%HQHILFLDO�8VH�$OWHUQDWLYHV

3UHYLRXV�86$&(�VWXGLHV�SUHVHQWHG�LQ�WKH�/706�FRQFOXGHG�WKDW�WKH
DERYH�PHQWLRQHG�DOWHUQDWLYHV�SURYLGH�DQ�HFRORJLFDO��VRFLDO��DQG�RU�HFRQRPLF�EHQHILW
WR�WKH�SURMHFW�DQG�WKH�VXUURXQGLQJ�UHJLRQ���7KHUHIRUH��FRQVLGHUDWLRQV�RI�WKH
EHQHILFLDO�XVH�DOWHUQDWLYHV�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW�DUH
SUHGRPLQDQWO\�GHSHQGHQW�XSRQ�GHVLJQ�DQG�FRQVWUXFWLRQ�FULWHULD��WKH�TXDOLW\�DQG
TXDQWLW\�RI�PDWHULDO�SURSRVHG�IRU�DOWHUQDWLYH�SODFHPHQW��DQG�WKH�SRWHQWLDO�LPSDFWV�RI
XVLQJ�GUHGJHG�PDWHULDO�IRU�WKHVH�DOWHUQDWLYHV���,PSDFWV�PD\�EH�LQ�WKH�IRUP�RI�VRFLDO�
HQYLURQPHQWDO��DQG�HFRQRPLF�LPSDFWV�WR�WKH�SURMHFW�DQG�WKH�UHJLRQ��$GGLWLRQDO�FRVWV
WKDW�RFFXU�DV�WKH�UHVXOW�RI�WKHVH�EHQHILFLDO�XVHV�PXVW�EH�DGGUHVVHG�XVLQJ�DSSURSULDWH
FRVW�VKDULQJ�DXWKRULWLHV�

7KH�)UDPHZRUN�'RFXPHQW�RXWOLQHV�D�SURFHGXUH�IRU�DVVHVVLQJ�EHQHILFLDO�XVHV�DQG
LGHQWLI\LQJ�PDQDJHPHQW�DOWHUQDWLYHV�WKDW�PHHW�WKH�VXEVWDQWLYH�DQG�SURFHGXUDO
UHTXLUHPHQWV�RI�DOO�UHJXODWLRQV�JRYHUQLQJ�WKH�PDQDJHPHQW�RI�GUHGJHG�PDWHULDO�
LQFOXGLQJ�1(3$��WKH�&:$��DQG�WKH�0356$����7KH�SURFHGXUH�FRQVLVWV�RI�WKH
IROORZLQJ�VWHSV�

• (YDOXDWH�SK\VLFDO�VWDELOLW\�RI�WKH�PDWHULDO�

• (YDOXDWH�ORJLVWLFDO�FRQVLGHUDWLRQV�IRU�EHQHILFLDO�XVH�

• 'HWHUPLQH�HQYLURQPHQWDO�VXLWDELOLW\��DQG

• 5HWDLQ�HQYLURQPHQWDOO\�DFFHSWDEOH�EHQHILFLDO�XVH�DOWHUQDWLYHV�

7KH�SK\VLFDO�VWDELOLW\�RI�WKH�GUHGJHG�PDWHULDO�LV�EDVHG�XSRQ�WKH�VHGLPHQW·V
FRPSDWLELOLW\�ZLWK�WKH�LQWHQGHG�XVH�DQG�WKH�SURFHVVHV�DFWLQJ�RQ�WKH�PDWHULDO���
&RPSDWLELOLW\�LV�SUHGRPLQDQWO\�D�IXQFWLRQ�RI�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH
VHGLPHQWV��ZKLFK�LQFOXGH�JUDLQ�VL]H�GLVWULEXWLRQ��PHGLDQ�JUDLQ�VL]H�RI�WKH
VHGLPHQWV��PLQHUDO�DQG�RUJDQLF�FRQWHQW��DQG�LWV�SHUFHQWDJHV�RI�VLOW�DQG�FOD\��SHUFHQW
ILQHV����3URFHVVHV�DSSOLFDEOH�WR�SODFHPHQW�ZLWKLQ�WKH�QHDUVKRUH�HQYLURQPHQW�LQFOXGH
ZDYH�HQHUJ\�FKDUDFWHULVWLFV�DQG�WLGDO�FXUUHQWV�
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/RJLVWLFDO�FRQVLGHUDWLRQV�LQFOXGH�VXFK�IDFWRUV�DV�VLWH�DFFHVVLELOLW\��GLVWDQFH�EHWZHHQ
WKH�H[FDYDWLRQ�DQG�SODFHPHQW�VLWHV��PHWKRG�RI�SODFHPHQW��H�J���SLSHOLQH�GUHGJH�
KRSSHU�GUHGJH��EDUJH��ERRVWHUV��HWF����PDWHULDO�KDQGOLQJ�UHTXLUHPHQWV��DQG�FDSDFLW\
DQG�FRQVWUXFWDELOLW\�LVVXHV����'XH�WR�WKH�UHODWLYHO\�VKDOORZ�ZDWHUV�LQ�WKH�QHDUVKRUH
HQYLURQPHQW��KRSSHU�GUHGJHV�FRXOG�QRW�UHDFK�PDQ\�RI�WKH�DUHDV�QHDU��EXW�RXWVLGH
WKH�(&��

(QYLURQPHQWDO�VXLWDELOLW\�LV�SUHGRPLQDQWO\�GHSHQGHQW�XSRQ�WKH�SRWHQWLDO�SK\VLFDO
DQG�FKHPLFDO�LPSDFWV�IURP�SODFHPHQW�RI�WKH�PDWHULDO���3K\VLFDO�LPSDFWV�PD\�LQFOXGH
EXULDO�RI�DTXDWLF�RUJDQLVPV��LQFUHDVHV�LQ�WXUELGLW\��LQWHUIHUHQFH�RI�PLJUDWLRQ�URXWHV�
DQG�ZDWHU�FROXPQ�HIIHFWV����3RWHQWLDO�FKHPLFDO�LPSDFWV�DUH�DGGUHVVHG�E\�WKH�6HFWLRQ
����E�����(YDOXDWLRQ���7KDW�HYDOXDWLRQ�ZDV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK
UHTXLUHPHQWV�RXWOLQHG�LQ�6HFWLRQ������E�����RI�WKH�&:$�RI�������6HFWLRQ�����RI�WKH
0DULQH�3URWHFWLRQ��5HVHDUFK��DQG�6DQFWXDULHV�$FW�0356$�RI�������DQG�SURFHGXUHV
RXWOLQHG�LQ�WKH�(YDOXDWLRQ�RI�'UHGJHG�0DWHULDO�3URSRVHG�IRU�'LVFKDUJH�LQ�:DWHUV�RI�WKH
8�6��¥�7HVWLQJ�0DQXDO��,QODQG�7HVWLQJ�0DQXDO��,70����86$&(�����������7KH�,70
SUHVHQWV�D�WLHUHG�SURFHGXUH�IRU�WHVWLQJ�DQG�DQDO\VLV�WKDW�XVHV�LQFUHDVLQJO\�PRUH
FRPSUHKHQVLYH�WHFKQLTXHV�WR�UHDFK�D�GHFLVLRQ����%RWK�ZDWHU�FROXPQ�DQG�EHQWKLF
HIIHFWV�DUH�HYDOXDWHG���$Q�DGGLWLRQDO�IDFWRU�LQ�DVVHVVLQJ�WKH�HQYLURQPHQWDO�VXLWDELOLW\
LV�WKH�LQGLUHFW�EHQHILWV�WKDW�FRXOG�EH�REWDLQHG�E\�SODFLQJ�WKH�VHGLPHQWV�LQ�WKH�ORFDO
VDQG�VKDULQJ�V\VWHP��UDWKHU�WKDQ�UHPRYLQJ�WKH�VHGLPHQWV�IURP�WKDW�V\VWHP�DQG
GHSRVLWLQJ�WKHP�ZKHUH�WKH\�ZRXOG�RQO\�FRQWULEXWH�WR�WKH�VDQG�VKDULQJ�V\VWHP�RI
WKH�ODUJHU�QHDUVKRUH�DUHD���8SRQ�PHHWLQJ�WKH�VWDQGDUGV�DQG�FULWHULD�IRU
HQYLURQPHQWDO�VXLWDELOLW\��WKH�DOWHUQDWLYH�FDQ�EH�FRQVLGHUHG�HQYLURQPHQWDOO\
DFFHSWDEOH�DQG�FDQ�EH�UHWDLQHG�DV�D�SRWHQWLDOO\�IHDVLEOH�DOWHUQDWLYH�IRU�DGGLWLRQDO
FRQVLGHUDWLRQ��

)RU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW�D����SHUFHQW�ILQHV�RU�OHVV�ZLOO�EH�XVHG�DV
D�VFUHHQLQJ�FULWHULRQ�LQ�GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI�(QWUDQFH�&KDQQHO�VHGLPHQWV
IRU�EHQHILFLDO�SODFHPHQW�LQ�WKH�QHDUVKRUH�HQYLURQPHQW���'UHGJHG�PDWHULDOV
DYHUDJLQJ�JUHDWHU�WKDQ����SHUFHQW�ILQHV�ZRXOG�UHTXLUH�IXUWKHU�HYDOXDWLRQ�RI
VXLWDELOLW\�IRU�VSHFLILF�EHQHILFLDO�XVHV���7KLV�FULWHULRQ�SURYLGHV���DVVXUDQFHV���ILUVW�
WKDW�D�IDLUO\�JRRG�SK\VLFDO�FRPSDWLELOLW\��EDVHG�RQ�JUDLQ�VL]H��ZRXOG�RFFXU�EHWZHHQ
WKH�VHGLPHQWV�WR�EH�GHSRVLWHG�DQG�WKH�H[LVWLQJ�ERWWRP�VHGLPHQWV��VHFRQG��WKDW
SRWHQWLDO�DGYHUVH�HQYLURQPHQWDO�LPSDFWV�DVVRFLDWHG�ZLWK�WXUELGLW\�ZRXOG�EH
UHGXFHG�WR�DFFHSWDEOH�OHYHOV��

��������� 'LUHFW�%HDFK�3ODFHPHQW

'LUHFW�EHDFK�SODFHPHQW�FRQVLVWV�RI�K\GUDXOLFDOO\�SXPSLQJ�GUHGJHG�VHGLPHQW
PDWHULDOV�GLUHFWO\�RQWR�WKH�EHDFK�RU�ZLWKLQ�WKH�VXUI�]RQH�RI�WKH�VKRUHOLQH�WR
UHQRXULVK�DQ�HURGHG�EHDFK�VKRUHOLQH���7KH���EHDFKHV�LGHQWLILHG�IRU�DOWHUQDWLYH
SODFHPHQW�DUH�WKH�QRUWKHUQ�VKRUH�RI�7\EHH�,VODQG��ORFDWHG�MXVW�VRXWK�RI�WKH�FKDQQHO��
DQG�'DXIXVNLH�,VODQG��ORFDWHG�DW�OHDVW������PLOHV�QRUWK�RI�WKH�FKDQQHO���VHH�)LJXUH���
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������%RWK�RI�WKHVH�EHDFKHV�KDYH�H[SHULHQFHG�KLJK�UDWHV�RI�HURVLRQ�RI�WKHLU�VKRUHOLQHV�
DQG�KDYH�EHHQ�UHFRJQL]HG�E\�&RQJUHVV��WKH�6WDWH�RI�*HRUJLD��DQG�WKH�6WDWH�RI�6RXWK
&DUROLQD�IRU�WKHLU�LPSRUWDQFH�WR�WKH�UHJLRQ�

3ODFHPHQW�RI�GUHGJHG�VHGLPHQW�PDWHULDOV�RQ�HLWKHU�WKH�7\EHH�,VODQG�EHDFK�RU�WKH
'DXIXVNLH�,VODQG�EHDFK�LV�GHSHQGHQW�RQ�WKH�FRPSDWLELOLW\�RI�WKH�GUHGJHG�VHGLPHQWV
ZLWK�WKH�H[LVWLQJ�EHDFK�VHGLPHQWV���&RPSDWLELOLW\�LV�XVXDOO\�HYDOXDWHG�EDVHG�XSRQ
JUDLQ�VL]H�DQG�JUDLQ�VL]H�GLVWULEXWLRQ����*HQHUDOO\��VHGLPHQW�PDWHULDO�SUHIHUUHG�IRU
EHDFK�SODFHPHQW�FRQVLVWV�RI�VDQGV�RI�HTXDO�RU�EHWWHU�TXDOLW\�WR�WKDW�SUHVHQWO\�IRXQG
RQ�WKH�EHDFK����3UHIHUUHG�PDWHULDO�SUHGRPLQDQWO\�FRQVLVWV�RI�TXDUW]�VDQG�ZLWK�D
PHGLDQ�JUDLQ�VL]H�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�H[LVWLQJ�VDQGV��DQG�FRQWDLQV�D�ORZ
SHUFHQWDJH�RI�ILQH�JUDLQHG�PDWHULDOV����7\SLFDOO\��SHUFHQWDJHV�RI����SHUFHQW�RU�OHVV
DUH�FRQVLGHUHG�GHVLUDEOH�IRU�EHDFK�QRXULVKPHQW�SURMHFWV�

*UDLQ�VL]H�IDFWRUV�FRPPRQO\�XVHG�IRU�FRPSDUDWLYH�DQDO\VLV�RI�EHDFK�VHGLPHQWV
LQFOXGH�PHDQ�JUDLQ�VL]H�DQG�PHGLDQ�JUDLQ�VL]H���0HDQ�JUDLQ�VL]H�LV�WKH�DYHUDJH�RI��
JUDLQ�VL]HV���WKH�ILUVW�UHSUHVHQWV�WKH�SDUWLFOH�VL]H�ZKHUH����SHUFHQW�RI�WKH�PDWHULDO�LV
ILQHU��WKH�VHFRQG�UHSUHVHQWV�WKH�SDUWLFOH�VL]H�ZKHUH����SHUFHQW�RI�WKH�PDWHULDO�LV�ILQHU�
��0HGLDQ�JUDLQ�VL]H�LV�WKH�JUDLQ�VL]H�IRU�ZKLFK����SHUFHQW�RI�WKH�PDWHULDO�LV�ILQHU�DQG
���SHUFHQW�LV�FRDUVHU����7KHVH���IDFWRUV�DUH�VLPLODU�IRU�PRVW�RI�WKH�ZHOO�VRUWHG�VDQGV
FRPPRQO\�IRXQG�LQ�WKH�UHJLRQ�

*UDLQ�VL]H�GLVWULEXWLRQ�IDFWRUV�WKDW�FDQ�DIIHFW�GLUHFW�EHDFK�SODFHPHQW�DUH�WKH
GHYLDWLRQ�RI�JUDLQ�VL]H�DERXW�WKH�PHDQ��DQG�WKH�SHUFHQWDJH�RI�VLOW�DQG�FOD\�SDUWLFOHV
�SHUFHQW�ILQHV�����7KHVH���IDFWRUV�HIIHFWLYHO\�GHWHUPLQH�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKH
SODFHPHQW�PDWHULDO����7KH�GHYLDWLRQ�RI�JUDLQ�VL]H�DERXW�WKH�PHDQ�LV�DQ�LQGLFDWLRQ�RI
WKH�VRUWLQJ�RI�WKH�VHGLPHQW��DQG�DIIHFWV�WKH�YROXPH�RI�VHGLPHQW�QHHGHG�IRU
QRXULVKPHQW����+LJKHU�GHYLDWLRQV�LQGLFDWH�PRUH�SRRUO\�VRUWHG�VHGLPHQWV����7\SLFDOO\�
JUDLQ�VL]H�GLVWULEXWLRQV�ZLWK�KLJKHU�VWDQGDUG�GHYLDWLRQV�UHVXOW�LQ�D�JUHDWHU�TXDQWLW\
RI�SODFHPHQW�PDWHULDO��SDUWLFXODUO\�LI�WKH�VHGLPHQW�FRQWDLQV�D�VLJQLILFDQW�SHUFHQWDJH
RI�VLOW�DQG�FOD\�

��������� )HHGHU�%HUP

7KH�SURSRVHG�IHHGHU�EHUP�LV�D�ODUJH��FRQWLQXRXV�VXEPHUJHG�EHUP�SODFHG�LQ�WKH
QHDUVKRUH�HQYLURQPHQW�IRU�WKH�SXUSRVH�RI�DWWHQXDWLQJ�ZDYH�HQHUJ\�DQG�FRQWULEXWLQJ
VDQGV�WR�WKH�VHGLPHQW�V\VWHP�DORQJ�WKH�RFHDQ�VKRUHOLQH�RI�7\EHH�,VODQG����7KH�EHUP
ZRXOG�EH�FRQVWUXFWHG�SDUDOOHO�WR�WKH�QRUWKHDVW�VKRUHOLQH�RI�7\EHH�,VODQG��DQG�ZRXOG
EH�ORFDWHG�VRXWK�RI�WKH�(QWUDQFH�&KDQQHO��DW�OHDVW�������IHHW�RIIVKRUH��)LJXUH������

7KH�DYHUDJH�ZDWHU�GHSWK�IRU�WKH�DUHD�RI�WKH�EHUP�SODFHPHQW�LV�DSSUR[LPDWHO\����IHHW
0/:��3UHYLRXV�HYDOXDWLRQV�LQGLFDWH�WKDW�WKH�IHHGHU�EHUP�VKRXOG�EH�SODFHG�DW�OHDVW
������IHHW�IURP�WKH�FKDQQHO��86$&(�����������7RS�HOHYDWLRQV�RI�WKH�EHUPV�ZRXOG�EH
DSSUR[LPDWHO\����IHHW�0/:�WR�DOORZ�SDVVDJH�RI�SOHDVXUH�FUDIW�DQG�VPDOO�ILVKLQJ
ERDWV����,W�LV�HVWLPDWHG�WKDW��RQ�DYHUDJH��DSSUR[LPDWHO\��������FXELF�\DUGV�RI�GUHGJHG
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PDWHULDO�ZRXOG�EH�QHHGHG�WR�FRQVWUXFW�HDFK�������OLQHDU�IHHW�RI�EHUP��DVVXPLQJ�D���
SHUFHQW�ORVV�RI�PDWHULDO�

0DQ\�RI�WKH�VDPH�IDFWRUV�DQG�SURFHVVHV�WKDW�DUH�VLJQLILFDQW�WR�GLUHFW�EHDFK
SODFHPHQW�DOVR�JRYHUQ�FRQVWUXFWLRQ�RI�IHHGHU�EHUPV���6LQFH�IHHGHU�EHUPV�DUH
GHVLJQHG�WR�SURYLGH�D�VDFULILFLDO�VRXUFH�RI�VHGLPHQW�WR�WKH�EHDFK�SURILOH��VHGLPHQWV
FRQVLGHUHG�IRU�IHHGHU�EHUP�FRQVWUXFWLRQ�VKRXOG�RSWLPDOO\�KDYH�PHDQ�RU�PHGLDQ
JUDLQ�VL]HV�VLPLODU�WR�WKRVH�WKDW�DUH�DFFHSWDEOH�IRU�GLUHFW�EHDFK�SODFHPHQW���+RZHYHU�
WKLV�PD\�QRW�EH�SRVVLEOH��DQG�VHGLPHQWV�KDYLQJ�VPDOOHU�JUDLQ�VL]HV�DUH�VWLOO
FRQVLGHUHG�IRU�SODFHPHQW�LQWR�D�IHHGHU�EHUP�ZKHQ�RWKHU�EHQHILFLDO�DVSHFWV�RI�VXFK
SODFHPHQW�DUH�LQFOXGHG��

6HGLPHQWV�XVHG�IRU�EHUP�SODFHPHQW�W\SLFDOO\�FDQ�FRQWDLQ�D�JUHDWHU�SHUFHQWDJH�RI
ILQHV�WKDQ�WKRVH�XVHG�IRU�EHDFK�QRXULVKPHQW�SURMHFWV���7KH�DFWXDO�SHUFHQWDJH�RI�ILQHV
WKDW�FDQ�EH�XVHG�LQ�FRQVWUXFWLRQ�RI�D�IHHGHU�EHUP�GHSHQGV�RQ�QXPHURXV�IDFWRUV�
LQFOXGLQJ�WKH�IROORZLQJ���WKH�W\SH�RI�ILQH�JUDLQHG�VHGLPHQWV�WR�EH�GHSRVLWHG��ZDYH
DQG�FXUUHQW�PDJQLWXGH�ZLWKLQ�WKH�QHDUVKRUH�HQYLURQPHQW�GXULQJ�SODFHPHQW��WKH
PHWKRG�RI�SODFHPHQW��WKH�FRQVLVWHQF\�RI�WKH�GUHGJHG�VHGLPHQW�PL[WXUHV��DQG�WKH
GHVLUDELOLW\�RI�HQKDQFLQJ�WKH�ORFDO�VDQG�VKDULQJ�V\VWHP��

)HHGHU�EHUP�FRQVWUXFWLRQ�DVVXPHV�D�VLJQLILFDQW�ORVV�RI�VHGLPHQW�YROXPH�DIWHU
SODFHPHQW�RI�WKH�PDWHULDO���7KLV�ORVV�UHVXOWV�LQ�WKH�IHHGHU�EHUP�VKULQNLQJ�LQ�VL]H�DV
WKH�VHGLPHQWV�DUH�WUDQVSRUWHG�WR�DGMDFHQW�QHDUVKRUH�DUHDV���$GGLWLRQDO�ORVVHV�RFFXU
GXULQJ�FRQVWUXFWLRQ��GHSHQGLQJ�RQ�WKH�SHUFHQW�RI�ILQHV�ZLWKLQ�WKH�GHSRVLWHG
VHGLPHQWV���0XFK�RI�WKH�YHU\�ILQH�JUDLQHG�VDQG��VLOW�DQG�FOD\�SDUWLFOHV�DUH�ORVW�GXULQJ
SODFHPHQW�WKURXJK�EHGORDG�WUDQVSRUW�DQG�VXVSHQVLRQ�ZLWKLQ�WKH�ZDWHU�FROXPQ���
6XVSHQGHG�SDUWLFOHV�WHQG�WR�LQFUHDVH�WKH�WXUELGLW\�OHYHOV�ZLWKLQ�WKH�QHDUVKRUH
HQYLURQPHQW�LQ�WKH�YLFLQLW\�RI�WKH�GLVFKDUJH����7KH�GLVFKDUJH�SRUW�PD\�EH�VXEPHUJHG
WR�UHGXFH�WXUELGLW\�LPSDFWV�GXULQJ�GUHGJHG�PDWHULDO�SODFHPHQW�RSHUDWLRQV��

��� 6HGLPHQW�&KDUDFWHULVWLFV

$�ILHOG�HIIRUW�ZDV�SHUIRUPHG�WR�FROOHFW�VHGLPHQW�VDPSOHV�IRU�SK\VLFDO�DQG�FKHPLFDO
DQDO\VHV��$�VDPSOLQJ�SODQ�ZDV�H[HFXWHG�IRU�WKH�,QQHU�+DUERU�GDWD�FROOHFWLRQ��7KH
(QWUDQFH�&KDQQHO�GDWD�UHVXOWHG�IURP�ERWK�VSHFLILF�VDPSOHV�DQG�DYDLODEOH�KLVWRULF
GDWD�

����� 8SSHU�+DUERU�5HDFK

7KH�8SSHU�+DUERU�5HDFK�H[WHQGV�IURP�67$����������DERYH�WKH�.,7%�LQ�*DUGHQ
&LW\��WR�WKH�7DOPDGJH�%ULGJH����2I�WKH���FKDQQHOV�DQG���WXUQLQJ�EDVLQ�FRUHV�WDNHQ�LQ
WKH�8SSHU�+DUERU��DOO�FRQWDLQHG�VRPH�TXDQWLW\�RI�2	0�VHGLPHQWV�O\LQJ�DERYH�D
VHPL�FRQVROLGDWHG�OD\HU�RI�1:�PDWHULDO����7KH�SK\VLFDO�DQDO\VLV�IRU�WKH�FRPSRVLWH�RI
WKH�2	0�PDWHULDO�LQGLFDWHV�WKH�8SSHU�+DUERU�2	0�VHGLPHQWV�DUH�D�PL[WXUH�RI
VDQG��VLOW�DQG�FOD\��ZLWK�WKH�VDQG�IUDFWLRQ�GRPLQDWLQJ�DW������SHUFHQW���:LWK�WKH
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H[FHSWLRQ�RI�D�GHSRVLW�FRQWDLQLQJ�D�JUDYHO�OD\HU�HQFRXQWHUHG�LQ�WKH�1:�PDWHULDO�DW
6WDWLRQ��������DQG�VRPH�WLJKW�GHZDWHUHG�PXG�DW�6WDWLRQ����������WKH�1:�PDWHULDO
LQ�WKH�8SSHU�+DUERU�FKDQQHO�DSSHDUHG�VLPLODU�LQ�WKH�VHYHQ�FRUHV����,QIRUPDWLRQ�IURP
WKH�FRUHV�DQG�SK\VLFDO�DQDO\VLV�VKRZHG�WHUPLQDWLRQ�RI�WKH�1:�PDWHULDO�IURP�WKH
FKDQQHO�LQ�D�JUD\�WR�JUHHQ�GHSRVLW�WKDW�YDULHG�EHWZHHQ�ZHOO�VRUWHG�ILQH�VDQG�WR
VDQG\�RU�VLOW\�FOD\����3HQHWUDWLRQ�RI�WKH�YLEUDFRUH�VDPSOLQJ�HTXLSPHQW�LQWR�WKLV�OD\HU
ZDV�OLPLWHG�GXH�WR�LWV�ZHOO�FRQVROLGDWHG�QDWXUH��

7KH�SK\VLFDO�DQDO\VLV�RI�WKH�EHQG�ZLGHQHU�FRUHV�IRU�WKH�8SSHU�+DUERU�LQGLFDWHG�WKDW
WKH�EHQG�ZLGHQHU�DUHDV�DUH�GRPLQDWHG�E\�VDQG�VL]H�PDWHULDO��JUHDWHU�WKDQ���
SHUFHQW��RFFXUULQJ�EHWZHHQ�URXJKO\��������DQG�����IHHW�0/:�

����� /RZHU�+DUERU�5HDFK

7KH�/RZHU�+DUERU�5HDFK�LQFOXGHV�UHSUHVHQWDWLYH�VDPSOHV�IURP�WKH�QDYLJDWLRQ
FKDQQHO�DQG�SURSRVHG�EHQG�ZLGHQHUV�IURP�WKH�7DOPDGJH�%ULGJH�WR�WKH�$WODQWLF
,QWUDFRDVWDO�:DWHUZD\��$,::��DW�)LHOGV�&XW����7KH�SK\VLFDO�DQDO\VLV�RI�FRUHV�IURP
WKLV�UHDFK�UHYHDOHG�VLPLODU�FKDUDFWHULVWLFV�WR�VHGLPHQWV�ORFDWHG�LQ�WKH�8SSHU�+DUERU�
��7KH�FRPSRVLWH�VDPSOH�RI�WKH�2	0�PDWHULDO�UHYHDOHG�WKDW�LW�ZDV�PRVWO\�VDQG������
SHUFHQW���EXW�WKH�VLOW�DQG�FOD\�IUDFWLRQ�LQFUHDVHG�VLJQLILFDQWO\�WR������SHUFHQW�DQG�����
SHUFHQW��UHVSHFWLYHO\����7KH�WKLFNQHVV�RI�WKH�2	0�PDWHULDO�LQ�WKH�FRUHV�RI�WKH�/RZHU
+DUERU�IOXFWXDWHG�EHWZHHQ�QHDUO\�����IHHW�DW�6WDWLRQ��������WR�RQO\�����IHHW�DW�6WDWLRQ
���������7KH�1:�PDWHULDO�RI�WKH�/RZHU�+DUERU�ZDV�YHU\�VLPLODU�WR�WKDW�RI�WKH�8SSHU
+DUERU�LQ�DOO�FRUHV��H[FHSW�DW�6WDWLRQV��������DQG����������,QVWHDG�RI�WKH�JUD\�WR
JUHHQ�VDQG\�DQG�FOD\H\�VLOWV�HQFRXQWHUHG�DW�WKH�RWKHU�VWDWLRQV�LQ�WKH�UHDFK��WKHVH
FRUHV�LQGLFDWHG�D�OD\HU�RI�PXG�DW�WKH�WRS�RI�PHGLXP��WR�FRDUVH�JUDLQHG�VDQG�1:
PDWHULDO�

����� -RQHV�2\VWHUEHG�5HDFK

7KH�-RQHV�2\VWHUEHG�5HDFK�LQFOXGHV�WKDW�SRUWLRQ�RI�WKH�+DUERU�FKDQQHO�DORQJ�-RQHV
DQG�2\VWHUEHG�,VODQGV�IURP�)LHOGV�&XW�WR�)RUW�3XODVNL��QHDU�67$�����������6HGLPHQWV
LQ�WKH�-RQHV�2\VWHUEHG�5HDFK�GLIIHUHG�VLJQLILFDQWO\�IURP�WKH�GRPLQDQW�W\SHV
HQFRXQWHUHG�LQ�WKH�8SSHU�DQG�/RZHU�+DUERU�5HDFKHV����7KH�FRPSRVLWH�JUDLQ�VL]H
DQDO\VLV�RI�WKH�2	0�PDWHULDO�LQGLFDWHG�LW�ZDV�GRPLQDWHG��JUHDWHU�WKDQ������SHUFHQW�
E\�VDQG�VL]HG�PDWHULDO��ZKLOH�WKH�VLOW�DQG�FOD\�IUDFWLRQV�UHVXOWHG�LQ�RQO\�����SHUFHQW
DQG������SHUFHQW��UHVSHFWLYHO\����7KH�FKDQQHO�1:�VDPSOHV�LQ�WKLV�UHDFK�ZHUH�DOVR
GLVVLPLODU��PDWHULDO�IURP�6WDWLRQ��������ZDV�QHDUO\����SHUFHQW�FOD\�DQG
6WDWLRQ�������FRQWDLQHG�RYHU����SHUFHQW�VDQG��

7KH�-RQHV�2\VWHUEHG�5HDFK�EHQG�ZLGHQHU�ZDV�FRPSRVHG�PDLQO\�RI�VDQG�VL]HG
PDWHULDO�������SHUFHQW���WKH�VLOW�DQG�FOD\�IUDFWLRQV�ZHUH�����SHUFHQW�DQG������SHUFHQW�
UHVSHFWLYHO\�
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����� (QWUDQFH�&KDQQHO

7KH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�VHGLPHQWV�DUH�GHVFULEHG�LQ�JHRORJLF�ORJV�RI
ERULQJV�SUHYLRXVO\�GULOOHG�DORQJ�WKH�(QWUDQFH�&KDQQHO�E\�WKH�86$&(�DQG�LQ
JHRORJLF�ORJV�RI�YLEUDFRUH�ERULQJV�GULOOHG�E\�$WKHQD�7HFKQRORJLHV��,QF��DV�SDUW�RI�WKH
FXUUHQW�VWXG\����*HRORJLF�ORJV�DQG�JUDLQ�VL]HG�DQDO\VHV�RI�VHGLPHQW�VDPSOHV
FROOHFWHG�DORQJ�WKH�%&�LQGLFDWH�WKDW�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�1:�VHGLPHQWV
ZLWKLQ�WKH�SURSRVHG�GUHGJLQJ�GHSWK������WR�����IHHW�0/:��YDU\�FRQVLGHUDEO\�DORQJ
WKH�UHDFK�RI�WKH�(QWUDQFH�&KDQQHO����7DEOH�����SURYLGHV�D�VXPPDU\�RI�JUDLQ�VL]H
DQDO\VHV�SHUIRUPHG�RQ�YDULRXV�VDPSOHV�FROOHFWHG�DORQJ�WKH�(QWUDQFH�&KDQQHO���



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ $/7(51$7,9(6

7DEOH�����6XPPDU\�RI�6HGLPHQW�6DPSOHV�&ROOHFWHG�ZLWKLQ�WKH�(QWUDQFH�&KDQQHO

%RULQJ
1R�

/RFDWLRQ
6WDWLRQ�1R�

'HSWK
�HOHY���IHHW�

3HUFHQW
)LQH 'HVFULSWLRQ

6+���� � ����� �� GDUN�JUD\�FOD\H\�VDQG�ZLWK�WUDFH�JUDYHO
6+���� ���� ����� �� JUD\�FOD\H\�VDQG�ZLWK�OLWWOH�JUDYHO

����� � JUD\LVK�WDQ�VLOW\�VDQG�ZLWK�OLWWOH�JUDYHO
������� �� JUD\�FOD\�ZLWK�WUDFH�VDQG

6+���� �� ����� �� JUD\�VLOW\�VDQG�ZLWK�WUDFH�URRWV�DQG�VKHOO
IUDJPHQWV

6+���� ����� ����� �� GDUN�JUD\�FOD\H\�VDQG�ZLWK�WUDFH�VKHOO
IUDJPHQW

����� �� �EOXLVK�JUD\�FOD\�ZLWK�WUDFH�VDQG
6+���� ��� ����� �� JUHHQLVK�JUD\�FOD\H\�VDQG
6+���� ��� ��������� �� JUD\�FOD\H\�VDQG�ZLWK�WUDFH�VKHOO

IUDJPHQWV
������� �� JUD\�FOD\�ZLWK�VRPH�VDQG�DQG�VKHOO

IUDJPHQWV
6+���� ����� ����� � JUD\�VLOW\�VDQG�ZLWK�WUDFH�VKHOO�IUDJPHQWV

����� �� JUD\�FOD\H\�VDQG�ZLWK�VKHOO�IUDJPHQWV
6+���� ����� ����� � JUD\�VLOW\�VDQG

����� �� EOXLVK�JUD\�FOD\H\�VLOW�ZLWK�WUDFH�VDQG
6+���� ����� ������� � JUD\�VLOW\�VDQG�ZLWK�VKHOO�IUDJPHQWV
6+���� ����� ����� �� EOXLVK�JUD\�FOD\�ZLWK�WUDFH�VDQG
6+���� ����� ����� � JUD\�VLOW\�VDQG�ZLWK�WUDFH�VKHOO�IUDJPHQWV

����� � JUD\�VDQG�DQG�VKHOO�IUDJPHQWV
6+���� ����� ������� � JUD\�VLOW\�VDQG

������� � WDQQLVK�JUD\�VDQG�ZLWK�VKHOO�IUDJPHQWV
6+%&��� �� ����� �� WDQ�JUHHQ�FOD\H\�ILQH�VDQG
6+%&��� ��� ������� �� WDQ�JUHHQ�FOD\H\�ILQH�VDQG
6+%&��� ��� ����� �� WDQ�JUHHQ�FOD\H\�ILQH�WR�PHGLXP�VDQG
6+%&��� ��� ����� � OLJKW�JUD\�ILQH�WR�FRDUVH�VDQG
1RWH���3HUFHQW�)LQHV�LV�GHILQHG�DV�WKRVH�JUDLQV�SDVVLQJ�WKH�����VLHYH�

*HRORJLF�ORJV�RI�YLEUDFRUHV�GULOOHG�DORQJ�WKH�(QWUDQFH�&KDQQHO�DV�SDUW�RI�WKLV�VWXG\
LQGLFDWH�WKDW�2	0�PDWHULDO�GLUHFWO\�RYHUOLHV�RUJDQLF�VDQGV�DQG�0LRFHQH�VHGLPHQWV
DORQJ�PXFK�RI�WKH�LQQHU�UHDFKHV�RI�WKH�(QWUDQFH�&KDQQHO��6WDWLRQV�������WR�²
������%����7KH�WRS�RI�WKH�0LRFHQH�VHGLPHQWV�LV�W\SLFDOO\�FKDUDFWHUL]HG�E\�WKH
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GLVWLQFW�ROLYH�JUD\�WR�JUHHQ�FRORU���7KHVH�VHGLPHQWV�FRQWDLQ�UHODWLYHO\�KLJK
SHUFHQWDJHV�RI�PRQWPRULOOLQLWLF�FOD\�ZKLFK�KDYH�WKH�FDSDFLW\�WR�´EDOO�XSµ�GXULQJ
GUHGJLQJ�RSHUDWLRQV��SDUWLFXODUO\�WKRVH�RSHUDWLRQV�WKDW�XVH�D�FXWWLQJ�KHDG�DQG
K\GUDXOLF�OLIW����$QDO\VHV�RI�VHGLPHQW�VDPSOHV�FROOHFWHG�IURP�WKH�1:�PDWHULDO�DORQJ
WKH�(QWUDQFH�&KDQQHO�DW�6WDWLRQV�²�����%�DQG�²������%�LQGLFDWH�WKDW�WKH�WRWDO
RUJDQLF�FDUERQ��72&��FRQWHQW�UDQJHG�IURP�����SHUFHQW��6WDWLRQ�²�����%��WR����
SHUFHQW��6WDWLRQ�²������%�����2UJDQLF�FDUERQ�KDV�WKH�SRWHQWLDO�RI�DGGLQJ�QXWULHQWV�
SDUWLFXODUO\�DPPRQLD��WR�WKH�ZDWHU�FROXPQ�GXULQJ�GUHGJLQJ�RSHUDWLRQV�

6LOW�DQG�FOD\�EHGV�IRXQG�VSRUDGLFDOO\�ZLWKLQ�WKH�0LRFHQH�DQG�3OLR�3OHLVWRFHQH
VHGLPHQWV�DORQJ�WKH�(QWUDQFH�&KDQQHO�FRQWDLQ�SHUFHQWDJHV�RI�ILQH�PDWHULDO
H[FHHGLQJ����SHUFHQW����*UDLQ�VL]H�DQDO\VHV�LQGLFDWH�WKDW�WKH�DYHUDJH�VDQG�FRQWHQW�RI
WKHVH�FOD\V�LV�DSSUR[LPDWHO\����SHUFHQW��VHGLPHQWV�UHWDLQHG�RQ�WKH�����VLHYH�����7KH
RFFXUUHQFH�RI�WKHVH�EHGV�LV�RIWHQ�XQSUHGLFWDEOH�DQG�GLIILFXOW�WR�FRUUHODWH�EHWZHHQ
ERUHKROHV����6DPSOHV�FROOHFWHG�IURP�WKHVH�EHGV�LQGLFDWH�WKDW�WKH�FOD\V�DUH�KLJKO\
SODVWLF����3ODVWLFLW\�LQGH[HV�UDQJH�IURP����WR�����LQGLFDWLQJ�D�KLJK�SRWHQWLDO�IRU�EDOOLQJ
GXULQJ�GUHGJLQJ�RSHUDWLRQV���

0XFK�RI�WKH�H[LVWLQJ�JHRORJLF�GDWD�LQGLFDWH�WKDW�WKH�VHGLPHQWV�WR�EH�UHPRYHG�ZKHQ
WKH�(QWUDQFH�&KDQQHO�LV�GHHSHQHG�LV�TXHVWLRQDEOH�IRU�EHQHILFLDO�XVH�DOWHUQDWLYHV���
$Q�HYDOXDWLRQ�RI�WKH�JUDLQ�VL]H�DQDO\VHV�RI�VHGLPHQW�VDPSOHV�LQGLFDWH�WKDW�WKH�FOD\
DQG�VLOW�FRQWHQW�DYHUDJHV�RYHU����SHUFHQW�LQ�FOD\�DQG�VLOW�EHGV�FRPPRQO\�IRXQG
DORQJ�WKH�LQQHU�UHDFKHV�RI�WKH�FKDQQHO��6WDWLRQV�������WR�²������%����+RZHYHU�
SRUWLRQV�RI�WKLV�UHDFK�FRQWDLQ�ILQH��WR�FRDUVH�JUDLQHG�VDQGV��ZKLFK�PD\�EH�VXLWDEOH
IRU�DOWHUQDWLYH�XVHV����7KHVH�UHDFKHV�H[WHQG�IURP�6WDWLRQV�������WR�²�����%��IURP
6WDWLRQV�²������%�WR�²������%��DQG�IURP�6WDWLRQV�²������%�WR�²������%����7KHVH
VDQGV�W\SLFDOO\�FRQWDLQ�ORZHU�SHUFHQWDJHV�RI�FOD\V�DQG�VLOWV��JHQHUDOO\�OHVV�WKDQ
���SHUFHQW�����0HGLDQ�JUDLQ�VL]H�GLDPHWHUV�IRU�WKHVH�VDQGV�DUH�RQ�WKH�RUGHU�RI������WR
�����PP����6DQGV�VHDZDUG�RI�6WDWLRQ�²������%�JHQHUDOO\�DUH�FRDUVHU�ZLWK�KLJKHU
PHGLDQ�JUDLQ�VL]HV�

7KH�H[WHQW�RI�WKDW�JHRORJLF�GDWD�XSRQ�ZKLFK�WKLV�DQDO\VLV�ZDV�EDVHG�LV�IDLUO\�OLPLWHG�
FRQVLVWLQJ�RI�RQO\����ORFDWLRQV�RYHU�WKH��������IRRW�OHQJWK�RI�WKH�(QWUDQFH�&KDQQHO��
6DPSOHV�REWDLQHG�IURP�WKRVH�ORFDWLRQV�IRXQG�WKH�JHRORJLF�VWUDWLJUDSK\�WR�EH
VRPHZKDW�LQFRQVLVWHQW�LQ�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�H[WHQW���7KLV�OHDGV�RQH�WR
FRQFOXGH�WKDW�WKH�VHGLPHQWV�LQ�WKLV�DUHD�DUH�YDULDEOH��ZLWK�JRRG�TXDOLW\�PDWHULDO
ORFDWHG�LQ�RQO\�SRUWLRQV�RI�WKH�UHDFK���7KH���YLEUDFRUH�VDPSOHV�WDNHQ�DV�SDUW�RI�WKLV
VWXG\�IRXQG�WKH�VHGLPHQWV�WR�FRQVLVW�SULPDULO\�RI�VDQGV��ZKLFK�ZRXOG�EH�VXLWDEOH
IRU�QHDUVKRUH�EHQHILFLDO�XVH���7KLV�VXSSRUWV�WKH�YLHZ�WKDW�JRRG�TXDOLW\�VHGLPHQWV
H[LVW�LQ�FHUWDLQ�ORFDWLRQV�RQ�WKH�(QWUDQFH�&KDQQHO���$GGLWLRQDO�JHRWHFKQLFDO
LQYHVWLJDWLRQV�ZLOO�EH�SHUIRUPHG�SULRU�WR�FRQVWUXFWLRQ�WR�EHWWHU�FKDUDFWHUL]H�WKH
(QWUDQFH�&KDQQHO�VHGLPHQWV���$IWHU�WKH�SK\VLFDO�DQDO\VHV�DUH�SHUIRUPHG�RQ�WKRVH
VDPSOHV��DQ�HYDOXDWLRQ�ZLOO�EH�SHUIRUPHG�WR�GHWHUPLQH�ZKHWKHU�H[FDYDWLRQ�RI�WKRVH
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VHGLPHQWV�DQG�WKHLU�XVH�LQ�D�EHQHILFLDO�PDQQHU�FDQ�EH�SHUIRUPHG�LQ�DQ�HFRQRPLFDOO\
IHDVLEOH�PDQQHU���$Q�DFFHSWDELOLW\�VFUHHQLQJ�FULWHULRQ�RI�QR�PRUH�WKDQ����SHUFHQW
ILQHV�ZLOO�EH�XVHG�WR�GHWHUPLQH�WKH�VHGLPHQW·V�SRWHQWLDO�IRU�EHQHILFLDO�XVH�LQ�WKH
QHDUVKRUH�HQYLURQPHQW���7KH�SRUWLRQV�RI�WKH�(QWUDQFH�&KDQQHO�WKDW�ZRXOG�EH
GUHGJHG�DQG�GR�QRW�PHHW�WKDW�FULWHULRQ��RU�WKDW�FDQQRW�EH�EHQHILFLDOO\�XVHG�LQ�DQ
HFRQRPLF�PDQQHU��ZRXOG�EH�GHSRVLWHG�DW�WKH�2'0'6�

��� &RPSDUDWLYH�,PSDFWV�RI�$OWHUQDWLYHV

7DEOH�����VKRZV�D�FRPSDUDWLYH�VXPPDU\�RI�WKH�HQYLURQPHQWDO�LPSDFWV�RI�WKH
FKDQQHO�GHHSHQLQJ�DOWHUQDWLYHV��7KH����IW��$OWHUQDWLYH�LV�WKH�´PD[LPXP�LPSDFWµ
DOWHUQDWLYH�UHFRPPHQGHG�SODQ�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW����7KLV
DOWHUQDWLYH�UHSUHVHQWV�WKH�ODUJHVW�TXDQWLW\�RI�GUHGJHG�PDWHULDO����%HFDXVH�WKH�JUHDWHVW
HQYLURQPHQWDO�LPSDFWV�DUH�EDVHG�RQ�WKH�GHHSHVW�GHSWK�DQG�ODUJHVW�TXDQWLW\�RI
GUHGJHG�PDWHULDO��WKH����IW�$OWHUQDWLYH�ZRXOG�SURGXFH�WKH�PD[LPXP�HQYLURQPHQWDO
LPSDFWV�RI�HLWKHU�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH�RU�WKH���GHHSHQLQJ�DOWHUQDWLYHV�

7DEOH�����6XPPDU\�RI�(QYLURQPHQWDO�,PSDFWV

$OWHUQDWH

(QYLURQ�PHQWDO
)DFWRU ���IRRW ���IRRW ���IRRW ���IRRW ���IRRW 1R�$FWLRQ

:DWHU�4XDOLW\ VDOLQLW\
LQFUHDVHG�
'2�GHFUHDVHG

VDOLQLW\
LQFUHDVHG�
'2�GHFUHDVHG

VDOLQLW\
LQFUHDVHG�
'2�GHFUHDVHG

VDOLQLW\
LQFUHDVHG�
'2�GHFUHDVHG

VDOLQLW\
LQFUHDVHG�
'2�GHFUHDVHG

1RQH

,QFUHDVH�LQ
WXUELGLW\
GXULQJ
FRQVWUXFWLRQ
DQG�SHULRGLF
PDLQWHQDQFH

,QFUHDVH�LQ
WXUELGLW\
GXULQJ
FRQVWUXFWLRQ
DQG�SHULRGLF
PDLQWHQDQFH

,QFUHDVH�LQ
WXUELGLW\
GXULQJ
FRQVWUXFWLRQ
DQG�SHULRGLF
PDLQWHQDQFH

6XEVWDQWLDO
LQFUHDVH�LQ
WXUELGLW\�IRU�D
ORQJHU�SHULRG
RI�WLPH�DW
GUHGJLQJ�DUHD
DQG�GLVSRVDO
VLWHV

6XEVWDQWLDO
LQFUHDVH�LQ
WXUELGLW\�IRU�D
ORQJHU�SHULRG
RI�WLPH�DW
GUHGJLQJ�DUHD
DQG�GLVSRVDO
VLWHV

,QFUHDVH�LQ
WXUELGLW\
GXULQJ
PDLQWHQDQFH
RSHUDWLRQV

1:�PDWHULDO�
�����0&<�

1:�PDWHULDO�
�����0&<�

1:�PDWHULDO�
�����0&<�

1:�PDWHULDO�
�����0&<�

1:�PDWHULDO�
�����0&<�

7RWDO
GUHGJHG
2	0
PDWHULDO�
����0&<

$FUHV�RI
:HWODQGV
,PSDFWHG

'LUHFW�����
6DOLQLW\��
��$OW

'LUHFW�����
���$OW��
6DOLQLW\�����
$OW

'LUHFW�����
���$OW��
6DOLQLW\�����
$OW

'LUHFW�����
���$OW��
6DOLQLW\�����
$OW

'LUHFW�����
6DOLQLW\������
�PD[LPXP�

'LUHFW����
6DOLQLW\����
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)LVKHULHV 0LQRU�HIIHFW 0LQRU�HIIHFW 0LQRU�HIIHFW /RQJHU
GXUDWLRQ�RI
HIIHFWV

/RQJHU
GXUDWLRQ�RI
HIIHFWV

0LQRU�HIIHFW

,QFUHDVH�RI
VDOLQLW\�OHYHOV
LQ�616�QXUVHU\
DQG�VWULSHG
EDVV�VSDZQLQJ
DUHDV

,QFUHDVH�RI
VDOLQLW\�OHYHOV
LQ�616
QXUVHU\�DQG
VWULSHG�EDVV
VSDZQLQJ
DUHDV

,QFUHDVH�RI
VDOLQLW\�OHYHOV
LQ�616
QXUVHU\�DQG
VWULSHG�EDVV
VSDZQLQJ
DUHDV

,QFUHDVH�RI
VDOLQLW\�OHYHOV
LQ�616
QXUVHU\�DQG
VWULSHG�EDVV
VSDZQLQJ
DUHDV

,QFUHDVH�RI
VDOLQLW\�OHYHOV
LQ�616
QXUVHU\�DQG
VWULSHG�EDVV
VSDZQLQJ
DUHDV

6WULSHG�EDVV
VSDZQLQJ
UHVWRUDWLRQ
SURMHFW

%HQWKLFV 8QDYRLGDEOH
ORVV

8QDYRLGDEOH
ORVV

8QDYRLGDEOH
ORVV

8QDYRLGDEOH
ORVV

8QDYRLGDEOH
ORVV

8QDYRLGDEOH
ORVV

(QGDQJHUHG
6SHFLHV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

6SHFLDO
FRQGLWLRQV�WR
DYRLG�RU
PLQLPL]H
LPSDFWV

/RZHU�'2�DW
616�QXUVHU\
DUHD

/RZHU�'2�DW
616�QXUVHU\
DUHD

/RZHU�'2�DW
616�QXUVHU\
DUHD

/RZHU�'2�DW
616�QXUVHU\
DUHD

/RZHU�'2�DW
616�QXUVHU\
DUHD

1R�FKDQJH
DW�616
QXUVHU\�DUHD

:LOGOLIH /RVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

/RVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

/RVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

/RVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

/RVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

0LQRU�HIIHFW�
�ORVV�DQG�RU
DOWHUDWLRQ�RI
KDELWDWV�DW
&')V�
QHDUVKRUH
EHUPV��DQG
2'0'6

&XOWXUDO
5HVRXUFHV

5HPRYH�&�6�6�
*HRUJLD

5HPRYH
&�6�6��*HRUJLD

5HPRYH
&�6�6��*HRUJLD

5HPRYH
&�6�6��*HRUJLD

5HPRYH
&�6�6��*HRUJLD

5HPRYH
&�6�6�
*HRUJLD�RYHU
ORQJHU
SHULRG�RI
WLPH

)W���-DFNVRQ
LQVWDELOLW\
LQFUHDVHG

)W���-DFNVRQ
LQVWDELOLW\
LQFUHDVHG

)W���-DFNVRQ
LQVWDELOLW\
LQFUHDVHG

)W���-DFNVRQ
LQVWDELOLW\
LQFUHDVHG

)W���-DFNVRQ
LQVWDELOLW\
LQFUHDVHG

)W���-DFNVRQ
XQVWDEOH

6KRUHOLQH
(URVLRQ

1RQH�RU�RQO\
PLQLPDO
DGGLWLRQDO
LPSDFW

1RQH�RU�RQO\
PLQLPDO
DGGLWLRQDO
LPSDFW

1RQH�RU�RQO\
PLQLPDO
DGGLWLRQDO
LPSDFW

1RQH�RU�RQO\
PLQLPDO
DGGLWLRQDO
LPSDFW

1RQH�RU�RQO\
PLQLPDO
DGGLWLRQDO
LPSDFW

1R
DGGLWLRQDO
LPSDFW
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'HWDLOHG�HQYLURQPHQWDO�DQDO\VHV�ZHUH�FRQGXFWHG�IRU�ERWK�WKH�:LWKRXW�3URMHFW�DQG
´0D[LPXP�,PSDFWµ�$OWHUQDWLYHV��DQG�D�UHODWLYH�FRPSDULVRQ�RI�LPSDFWV�ZHUH�PDGH
IRU�LQWHUPHGLDWH�GHSWKV����'LVWXUEDQFH�WR�VLGH�VORSHV�DQG�DGMDFHQW�XSODQG�DUHDV�GXH
WR�GUHGJLQJ�ZLOO�EH�WKH�VDPH�IRU�HDFK�GHHSHQLQJ�DOWHUQDWLYH����7KHVH�LPSDFWV�LQFOXGH
WKH�FXOWXUDO�UHVRXUFHV�LPSDFWHG��VDOW�PDUVK�GLUHFWO\�UHPRYHG��DQG�ZDWHU�TXDOLW\
LPSDFWV�FDXVHG�E\�WKH�QHZ�ZRUN�GUHGJLQJ���)RU�HVWLPDWLRQ�SXUSRVHV��WKH
UHODWLRQVKLS�RI�RWKHU�HQYLURQPHQWDO�LPSDFWV�GXH�WR�GHHSHQLQJ�WKH�FKDQQHO�ZLWK
DOWHUQDWLYH�GHSWKV�FRXOG�EH�DVVXPHG�WR�EH�VRPHZKDW�OLQHDU���7KHVH�LPSDFWV�LQFOXGH
VDOLQLW\�LQFUHDVHV��'2�GHFUHDVHV��OHQJWK�RI�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ��DQG
FKDQJHV�LQ�ZDYH�SDWWHUQV�DQG�FXUUHQWV����7KHUH�ZDV�QR�GLVFRQWLQXLW\�RI�LPSDFWV
IRXQG�EHWZHHQ�DOWHUQDWLYH�GHSWKV�

����� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW��1('��3ODQ

7KH�UHVXOWV�RI�WKH�HFRQRPLF�DQDO\VLV�RI�WKH�DOWHUQDWLYH�SURMHFW�GHSWKV�LV�SUHVHQWHG�LQ
WKH�(FRQRPLF�$SSHQGL[�RI�WKH�)HDVLELOLW\�5HSRUW���7KH�1('�SODQ�LV�WKH����IRRW
DOWHUQDWLYH��ZKLFK�LV�HFRQRPLFDOO\�MXVWLILHG��HYHQ�WKRXJK�LW�LQFOXGHV�WKH�FRVW�IRU�WKH
´ZRUVW�FDVHµ�PLWLJDWLRQ�UHTXLUHPHQWV�LGHQWLILHG�LQ�WKH�(,6���7KH�1('�SODQ�RIIHUV�WKH
KLJKHVW�QHW�IHGHUDO�EHQHILW�RI�DOO�RI�WKH�DOWHUQDWLYHV�FRQVLGHUHG�

����� /RFDOO\�3UHIHUUHG�3ODQ��/33�

*3$�KDV�VHOHFWHG�WKH����IRRW�DOWHUQDWLYH�DV�WKH�/33���,PSDFWV�RI�WKH����IRRW
DOWHUQDWLYH�DUH�H[SHFWHG�WR�EH�OHVV�WKDQ�WKH�´PD[LPXP�LPSDFWµ�VFHQDULR���)XUWKHU
VWXGLHV�ZLOO�EH�FRQGXFWHG�LQ�WKH�&('�SKDVH�WR�GHWHUPLQH�WKH�LPSDFWV�DVVRFLDWHG
ZLWK�WKH����IRRW�DOWHUQDWLYH��DV�ZHOO�DV�RWKHU�DOWHUQDWLYH�GHSWKV��DQG�WR�GHYHORS�D
ILQDO�PLWLJDWLRQ�SODQ���7KH�DOWHUQDWLYHV�DQDO\VLV�DQG�'GHYHORSPHQW�RI�WKH�ILQDO
PLWLJDWLRQ�SODQ�ZLOO�IROORZ�WKH�SURFHVV�SUHVHQWHG�LQ�6HFWLRQ������DQG�ZLOO�EH�VXEMHFW
WR�WKH�7LHU�,,�(,6
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�� $IIHFWHG�(QYLURQPHQW

��� (QYLURQPHQWDO�6HWWLQJ�DQG�1DWXUDO�5HVRXUFHV

7KLV�6HFWLRQ�GHVFULEHV�WKH�HQYLURQPHQWDO�FRPSRQHQWV�RI�WKH�DUHD�WKDW�ZRXOG�DIIHFW�
DQG�WKDW�ZRXOG�EH�DIIHFWHG�E\�WKH�DOWHUQDWLYHV�XQGHU�FRQVLGHUDWLRQ�

����� /RFDWLRQ

6DYDQQDK�+DUERU�LV�D�GHHS�GUDIW�KDUERU�ORFDWHG�RQ�WKH�6RXWK�$WODQWLF�8��6��FRDVW����
VWDWXWH�PLOHV�VRXWK�RI�&KDUOHVWRQ�+DUERU��6RXWK�&DUROLQD��DQG�����PLOHV�QRUWK�RI
-DFNVRQYLOOH�+DUERU��)ORULGD���7KH�KDUERU�FRPSULVHV�WKH�ORZHU������PLOHV�RI�WKH
6DYDQQDK�5LYHU��ZKLFK��ZLWK�FHUWDLQ�RI�LWV�WULEXWDULHV��IRUPV�WKH�ERXQGDU\�EHWZHHQ
*HRUJLD�DQG�6RXWK�&DUROLQD�DORQJ�LWV�HQWLUH�OHQJWK�RI�����PLOHV��DQG�������PLOHV�RI
FKDQQHO�DFURVV�WKH�EDU�WR�WKH�$WODQWLF�2FHDQ�

����� *HRJUDSK\

7KH�&LW\�RI�6DYDQQDK��*HRUJLD��GRPLQDWHV�WKH�KLJK�JURXQG�RQ�WKH�VRXWK�VLGH�RI�WKH
KDUERU���6DYDQQDK
V�KLVWRULF�GRZQWRZQ�DUHD�LV�ORFDWHG�RQ�D�EOXII�DSSUR[LPDWHO\
���PLOHV�DERYH�WKH�5LYHU
V�PRXWK���+HDY\�LQGXVWU\�DQG�VKLSSLQJ�IDFLOLWLHV�DUH�ORFDWHG
DORQJ�WKH�VRXWK�VLGH�RI�WKH�KDUERU�XSVWUHDP�RI�WKH�&LW\
V�KLVWRULF�GRZQWRZQ�DUHD�WR
WKH�KHDG�RI�WKH�KDUERU���0RUH�KHDY\�LQGXVWULHV�DQG�D�IHZ�VKLSSLQJ�IDFLOLWLHV�OLQH�WKH
KDUERU�GRZQVWUHDP�IURP�WKH�KLVWRULF�GRZQWRZQ�DUHD�WR�WKH�$,::���)URP�WKH
$,::�WR�WKH�5LYHU
V�PRXWK��ERWK�VLGHV�RI�WKH�KDUERU�DUH�SUHGRPLQDQWO\
XQGHYHORSHG�DUHDV�FRQVLVWLQJ�RI�LVODQGV��PDUVKHV��GUHGJHG�PDWHULDO�GLVSRVDO�DUHDV�
DQG�RWKHU�QDWXUDO�VLWHV���7KH�DUHDV�DORQJ�WKH�6RXWK�&DUROLQD�VLGH�RI�WKH�KDUERU�DUH
FKDUDFWHUL]HG�E\�GUHGJHG�PDWHULDO�GLVSRVDO�DUHDV��IRUPHU�ULFH�ILHOGV�FRQVWUXFWHG�LQ
WKH���WK�DQG���WK�FHQWXULHV��DQG�PDUVKHV���/DQG�XVH�RQ�WKH�6RXWK�&DUROLQD�VLGH�RI
WKH�6DYDQQDK�5LYHU�LV�EDVLFDOO\�DJULFXOWXUDO�DQG�VLOYLFXOWXUDO�ZLWK�VRPH�UHFUHDWLRQ��
:HWODQG�KDELWDW�W\SHV�IRXQG�DORQJ�WKH�KDUERU�LQFOXGH�VDOWZDWHU�DTXDWLF��VDOWZDWHU
WLGDO�IODWV��VDOWZDWHU�PDUVKHV��IUHVKZDWHU�DTXDWLF��IUHVKZDWHU�IODWV��DQG�IUHVKZDWHU
PDUVK�

����� *HRORJ\�DQG�6RLOV

6DYDQQDK��*HRUJLD��LV�ORFDWHG�LQ�WKH�/RZHU�$WODQWLF�&RDVWDO�3ODLQ�3K\VLRJUDSKLF
3URYLQFH���7KH�PDMRULW\�RI�VRLOV�KDYH�D�VDQG\�VXUIDFH�OD\HU�RYHU�D�ORDP\�RU�VDQG\
VXEVRLO���7KHVH�VRLOV�DUH�QHDUO\�OHYHO�RU�JHQWO\�VORSLQJ�DQG�RFFXU�DV�EURDG��VPRRWK
DUHDV�GUDLQHG�E\�ZHW�GHSUHVVLRQV���7KH\�JHQHUDOO\�DUH�VHDVRQDOO\�ZHW�RU�DOPRVW
DOZD\V�ZHW��H[FHSW�IRU�WKH�EHWWHU�GUDLQHG�VRLOV�RQ�WKH�VOLJKW�ULGJHV�DQG�GXQH�OLNH
UHOLHI���$�EDQG�RI�PDUVKHV�H[LVW�SDUDOOHO�WKH�FRDVWOLQH�DQG�H[WHQG�LQODQG�DORQJ�WKH
PDMRU�VWUHDPV���/LPHVWRQHV�RI�WHUWLDU\�DQG�TXDWHUQDU\�DJH�XQGHUO\LQJ�WKH�&RDVWDO
3ODLQ�IRUP�RQH�RI�WKH�PRVW�SURGXFWLYH�DTXLIHU�V\VWHPV�LQ�WKH�FRXQWU\�
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����� +\GURORJ\

7KH�GUDLQDJH�EDVLQ�RI�WKH�6DYDQQDK�5LYHU�FRQVLVWV�RI�DQ�DUHD�RI��������VTXDUH�PLOHV�
����RI�ZKLFK�DUH�LQ�VRXWKZHVWHUQ�1RUWK�&DUROLQD��������DUH�LQ�ZHVWHUQ�6RXWK
&DUROLQD��DQG��������DUH�LQ�*HRUJLD����7KH�KHDGZDWHUV�DUH�ORFDWHG�LQ�WKH�KLJK�
IRUHVWHG�VORSHV�RI�WKH�%OXH�5LGJH�0RXQWDLQV���)URP�WKH�PRXQWDLQV�RI�1RUWK
&DUROLQD��WKH�7DOOXODK�DQG�&KDWWRRJD�5LYHUV�FRPELQH�WR�IRUP�WKH�7XJDORR�5LYHU�DW
WKH�*HRUJLD�6RXWK�&DUROLQD�ERUGHU���7KRVH�PRXQWDLQV�DOVR�SURGXFH�WKH�:KLWHZDWHU
DQG�7R[DZD\�5LYHUV��ZKLFK�FRPELQH�WR�IRUP�WKH�.HRZHH�5LYHU�LQ�6RXWK�&DUROLQD��
7KH�.HRZHH�5LYHU�DQG�7ZHOYH�0LOH�&UHHN�MRLQ�WR�IRUP�WKH�6HQHFD�5LYHU�QHDU
&OHPVRQ��6RXWK�&DUROLQD���7KH�SULQFLSDO�KHDGZDWHU�VWUHDPV��WKH�7XJDORR�DQG�WKH
6HQHFD��FRPELQH�QHDU�+DUWZHOO��*HRUJLD��WR�IRUP�WKH�6DYDQQDK�5LYHU���)URP�WKDW
SRLQW��WKH�ULYHU�IORZV�DERXW�����PLOHV�VRXWKHDVWHUO\�WR�GLVFKDUJH�LQWR�WKH�$WODQWLF
2FHDQ�QHDU�6DYDQQDK��*HRUJLD���7KH�PDMRU�GRZQVWUHDP�WULEXWDULHV�LQFOXGH�WKH
%URDG�5LYHU�LQ�*HRUJLD��WKH���/LWWOH�5LYHUV�LQ�*HRUJLD�DQG�6RXWK�&DUROLQD��%ULHU
&UHHN�LQ�*HRUJLD��DQG�6WHYHQV�&UHHN�LQ�6RXWK�&DUROLQD�

7KH�WRSRJUDSK\�YDULHV�IURP�HOHYDWLRQ�������IHHW�DW�WKH�KHDGZDWHUV�RI�WKH�7DOXOODK
5LYHU��WR�DERXW�������IHHW�LQ�WKH�UROOLQJ�KLOO\�SLHGPRQW��GHVFHQGLQJ�WR�DERXW�����IHHW
DW�$XJXVWD��*HRUJLD��WR�WKH�QHDUO\�IODW�FRDVWDO�SODLQ�IURP�$XJXVWD�WR�WKH�$WODQWLF
2FHDQ���7KH�EDVLQ�LV�SUHGRPLQDQWO\�IRUHVWHG��ZLWK�ZHWODQGV�H[LVWLQJ�DORQJ�WKH�ULYHU
IORRGSODLQV���([WHQVLYH�ZHWODQGV�RFFXU�DW�WKH�FRDVW�GXH�WR�WKH�KLJK�WLGDO�UDQJH�

5XQRII�DYHUDJHV�DERXW����LQFKHV�SHU�\HDU�RYHU�WKH�EDVLQ���5XQRII�DW�$XJXVWD�
*HRUJLD��DYHUDJHV�DERXW����LQFKHV�SHU�\HDU��FRPSDUHG�WR�WKH�QDWLRQDO�DYHUDJH�RI��
LQFKHV���7RWDO�VWUHDP�IORZ�YDULHV�FRQVLGHUDEO\�IURP�\HDU�WR�\HDU���,Q�DGGLWLRQ��WKHUH�LV
DOVR�VLJQLILFDQW�YDULDWLRQ�WKURXJKRXW�WKH�\HDU���6WUHDPV�LQ�WKH�EDVLQ�DUH�W\SLFDOO\
KLJK�LQ�WKH�ZLQWHU�DQG�HDUO\�VSULQJ���'XULQJ�WKH�ZDUP�VXPPHUV��IORZV�UHFHGH�DQG
UHPDLQ�ORZ�WKURXJK�DXWXPQ�
)UHVKZDWHU�GLVFKDUJHV�QHDU�&O\R��*HRUJLD��5LYHU�0LOH������DYHUDJH��������FXELF�IHHW
SHU�VHFRQG��ZLWK�PD[LPXP�DQG�PLQLPXP�DQQXDO�PHDQ�GLVFKDUJHV�RI��������DQG
������FXELF�IHHW�SHU�VHFRQG��UHVSHFWLYHO\��VLQFH��������)ORZV�GXULQJ�WKH�VXPPHU
JURZLQJ�VHDVRQ�W\SLFDOO\�DUH�LQ�WKH�UDQJH�RI�������WR�������FXELF�IHHW�SHU�VHFRQG�

����� 7LGDO�+\GUDXOLFV

6DYDQQDK�+DUERU�H[SHULHQFHV�D�ODUJH�VHPL�GLXUQDO�WLGH���7LGDO�IOXFWXDWLRQV�DYHUDJH
����IHHW�DW�WKH�PRXWK�RI�WKH�KDUERU�DQG�����IHHW�DW�WKH�XSSHU�OLPLW�RI�WKH�KDUERU���7KH
WLGDO�LQIOXHQFH�H[WHQGV�DSSUR[LPDWHO\����PLOHV�XSVWUHDP�WR�(EHQH]HU�/DQGLQJ�
*HRUJLD���0D[LPXP�YHORFLWLHV�HQFRXQWHUHG�LQ�WKH�QDYLJDWLRQ�FKDQQHO�DUH
DSSUR[LPDWHO\���IHHW�SHU�VHFRQG�RQ�WKH�IORRG�WLGH�DQG���IHHW�SHU�VHFRQG�RQ�HEE�WLGH��
(EE�YHORFLWLHV�DUH�XVXDOO\�VRPHZKDW�KLJKHU�WKDQ�IORRG�YHORFLWLHV�
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����� &OLPDWH

7KH�6DYDQQDK��*HRUJLD��DUHD�KDV�D�WHPSHUDWH�FOLPDWH�FKDUDFWHUL]HG�E\�ZDUP��KXPLG
VXPPHUV�DQG�PLOG�ZLQWHUV���7KH�VHDVRQDO�PHDQ�WHPSHUDWXUHV�DUH���°)�LQ�ZLQWHU����°
)�LQ�VSULQJ����°)�LQ�VXPPHU��DQG���°)�LQ�DXWXPQ���3UHFLSLWDWLRQ�DYHUDJHV������LQFKHV
SHU�\HDU��DERXW�KDOI�IDOOLQJ�GXULQJ�VXPPHU�WKXQGHUVKRZHUV���6QRZ�LV�UDUH���7KH
IURVW�IUHH�VHDVRQ�DYHUDJHV�DSSUR[LPDWHO\�����GD\V���+XUULFDQHV�SRVH�DQ�RFFDVLRQDO
WKUHDW��SULQFLSDOO\�LQ�6HSWHPEHU�RU�2FWREHU���'HOD\V�WR�VKLSSLQJ�DFWLYLWLHV�LQ�WKH
6DYDQQDK�DUHD�GXH�WR�IRJ�RU�LQFOHPHQW�ZHDWKHU�DUH�UHODWLYHO\�LQIUHTXHQW�

����� :DWHU�6XSSO\

������� *URXQG�:DWHU

6WXGLHV�ZHUH�SUHYLRXVO\�FRQGXFWHG�WR�GHWHUPLQH�LPSDFWV�RI�WKH�����������KDUERU
GHHSHQLQJ�RQ�WKH�)ORULGDQ�DTXLIHU���%RULQJV�ZHUH�WDNHQ�WR�GHILQH�WKH�VRLO�VWUDWXP�DW
FULWLFDO�ORFDWLRQV���,QIRUPDWLRQ�IURP�WKRVH�DQG�RWKHU�ERULQJV�VKRZ�WKDW�WKH�VWUDWXP
EHDULQJ�WKH�GULQNLQJ�ZDWHU�DTXLIHU�ZRXOG�QRW�EH�LPSDFWHG�E\�PDLQWHQDQFH�RI
FKDQQHO�GHSWKV�LQ�WKH�DXWKRUL]HG�SURMHFW���0RUH�WKDQ����IHHW�VHSDUDWHV�WKH�ERWWRP�RI
WKH�GHHSHVW�DXWKRUL]HG�H[FDYDWLRQ�IURP�WKH�WRS�RI�WKDW�ZDWHU�EHDULQJ�OD\HU��
$FFRUGLQJ�WR�ZRUN�SHUIRUPHG�E\�3DXO�+XGGOHVWRQ��*HRUJLD�*HRORJLF�6XUYH\��WKH
8��6��*HRORJLFDO�6XUYH\��DQG�'U��9HUQRQ�-��+HQU\��*HRUJLD�6WDWH�8QLYHUVLW\��WKH
VXUIDFHV�RI�WKH�(DUO\�0LRFHQH�DQG�/DWH�2OLJRFHQH�$JH�$TXLIHUV�DSSHDU�WR�EH
VXIILFLHQWO\�GHHS�WR�SUHYHQW�GDPDJH�E\�HYHQ�D�SURMHFW�FRQVWUXFWHG�WR�D�GHSWK�RI����
IHHW�0/:���$Q�RIIVKRUH�JHRORJLFDO�VWUXFWXUH�NQRZQ�DV�WKH�%HDXIRUW�$UFK�FUHDWHG�DQ
XSOLIW�WR�WKH�7HUWLDU\�VHGLPHQWV�LQ�WKH�YLFLQLW\�RI�WKH�SUHYLRXV�6DYDQQDK�/LJKW�
ZKLFK�ZDV�ORFDWHG�RQ�WKH�RXWHU�HQG�RI�WKH�%&���7KH�/DWH�(RFHQH�DJHG��8SSHU
)ORULGDQ��$TXLIHU��ZRXOG�EH�H[SHFWHG�WR�EH�DW�QR�KLJKHU�HOHYDWLRQ�WKDQ�²DERXW����
IHHW�0/:�LQ�WKLV�DUHD���7KH�XSSHUPRVW�IUHVKZDWHU�DTXLIHU�LV�FRQILQHG�E\�����WR
���IHHW�WKLFN�KLJKO\�LPSHUPHDEOH�PLGGOH�0LRFHQH�FOD\V���7KHVH�FOD\V�DUH�RYHUODLQ�E\
FOD\H\�VDQGV�DQG�RFFDVLRQDO�OHQVHV�RI�VRIW�WR�PRGHUDWHO\�KDUG�OLPHVWRQHV���$ERYH�WKH
8SSHU�0LRFHQH�DUH�VRIW�JUDQXODU�3OLRFHQH�DQG�3OHLVWRFHQH�DJH�GHSRVLWV�LQ�ZKLFK
PRVW�RI�WKH�UHFHQW�KDUERU�GHHSHQLQJ�WRRN�SODFH��DORQJ�ZLWK�FXUUHQW�VRIW�GHSRVLWV�RI
WKH�+RORFHQH�$JH���,QWURGXFWLRQ�RI�VHD�ZDWHU�LQWR�WKH�XSSHU�)ORULGDQ�$TXLIHU�ZRXOG
UHTXLUH�FRQWDFW�ZLWK�D�ILVVXUH��IDXOW��RU�DQFLHQW�VWUHDP�FKDQQHO�WKDW�ZRXOG�OHDG�WR
WKLV�VWUDWD���7KLV�LV�SRVVLEOH��EXW�QRW�OLNHO\���$QRWKHU�ZD\�IRU�VHD�ZDWHU�WR�EH
LQWURGXFHG�LQWR�WKH�XSSHU�)ORULGDQ�$TXLIHU�ZRXOG�EH�IRU�WKH�HQWLUH�0LRFHQH�$JH�FDS
WR�EH�UHPRYHG�WR�H[SRVH�WKH�XQGHUO\LQJ�OLPHVWRQH���7KLV�ZRXOG�UHTXLUH�GUHGJLQJ�WKH
KDUERU�WR������IHHW�0/:���%DVHG�RQ�WKLV�LQIRUPDWLRQ��QR�LPSDFW�WR�WKH�XSSHU
FRQILQHG�IUHVKZDWHU�DTXLIHU�RU�WKH�SULQFLSDO�FRQILQHG�GULQNLQJ�ZDWHU�DTXLIHU�LQ
6DYDQQDK�+DUERU�ZDV�SURMHFWHG�WR�RFFXU�IURP�WKH�SUHYLRXV�KDUERU�GHHSHQLQJ�RU�LV
H[SHFWHG�WR�RFFXU�IURP�FRQWLQXHG�PDLQWHQDQFH�RI�WKDW�1DYLJDWLRQ�3URMHFW�
7KH�H[LVWLQJ�GLNHG�GLVSRVDO�DUHDV�DUH�QRW�OLQHG��EXW�DUH�FRQVWUXFWHG�RQ�WRS�RI�WKH�VRLO
VXEVWUDWH�WKDW�ZDV�RULJLQDOO\�RQ�WKH�VLWH���,Q�PRVW�FDVHV��VRIW�RUJDQLF�VRLOV�VXSSRUWLQJ
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ZHWODQG�YHJHWDWLRQ�SUHYLRXVO\�FRYHUHG�WKH�VLWHV���'XH�WR�WKH�XQOLQHG�QDWXUH�RI�WKH
IDFLOLW\�DQG�WKH�VKRUW�WHUP�SRQGLQJ�RI�ZDWHU�ZLWKLQ�WKH�GLNHG�GLVSRVDO�DUHDV��WKHUH�LV
D�SRWHQWLDO�IRU�PLJUDWLRQ�RI�ZDWHU�GRZQ�WKURXJK�WKH�VRLO�OD\HUV�WR�OHYHOV�RI�VKDOORZ
JURXQG�ZDWHU���*URXQG�ZDWHU�FDQ�EH�IRXQG�DW�YDULRXV�GHSWKV�LQ�WKH�SURMHFW�YLFLQLW\�
ZKLOH�GULQNLQJ�ZDWHU�LV�WDNHQ�RQO\�IURP�GHSWKV�PRUH�WKDQ�����IHHW�EHORZ�WKH
VXUIDFH���$V�GHVFULEHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��FOD\�OHQVHV�RI����WR����IHHW�LQ
WKLFNQHVV�VHSDUDWH�WKH�YDULRXV�JURXQG�ZDWHU�EHDULQJ�VWUDWD���7KRVH�OHQVHV�HIIHFWLYHO\
OLPLW�WKH�GHSWK�WR�ZKLFK�PLJUDWLRQ�FRXOG�RFFXU�IURP�WKH�GLVSRVDO�DUHDV�

������� 6XUIDFH�:DWHU

6DYDQQDK�5LYHU�VHUYHV�DV�D�ZDWHU�VXSSO\�VRXUFH�IRU�D�QXPEHU�RI�GRPHVWLF�DQG
LQGXVWULDO�XVHUV�LQ�WKH�6DYDQQDK�DUHD���7KH�&LW\�RI�6DYDQQDK�VXSSOLHV�LQGXVWULDO
SURFHVV�ZDWHU�WKURXJK�D�FRQYHQWLRQDO�VXUIDFH�ZDWHU�WUHDWPHQW�SODQW�WKDW�KDV�D�UDZ
ZDWHU�LQWDNH�RQ�$EHUFRUQ�&UHHN��D�WULEXWDU\�WR�WKH�6DYDQQDK�5LYHU���$EHUFRUQ�&UHHN
FRQQHFWV�WR�WKH�6DYDQQDK�5LYHU�DW�50�����DSSUR[LPDWHO\���PLOH�IURP�DERYH�WKH�,���
%ULGJH���7KH�&LW\�PXVW�OLPLW�WKH�DPRXQW�RI�FKORULGHV�LQ�LWV�WUHDWHG�ZDWHU�VXSSO\�WR
���PJ�/�WR�PHHW�LQGXVWULDO�SURFHVV�ZDWHU�UHTXLUHPHQWV���6LQFH�WKH�WUHDWPHQW�SODQW
GRHV�QRW�UHPRYH�FKORULGHV��WKH�UDZ�ZDWHU�VRXUFH�PXVW�EH�PRQLWRUHG�FDUHIXOO\��
&XUUHQWO\��WKH�&LW\�PRQLWRUV�FKORULGHV�DW�WKH�LQWDNH�DQG�KDV�QRWLFHG�DQ�LQFUHDVH�RI
FKORULGHV�GXULQJ�KLJK�WLGHV�DQG�ORZ�IORZ�HYHQWV��VXJJHVWLQJ�D�SRWHQWLDO�UHODWLRQVKLS
WR�VDOLQLW\�FRQGLWLRQV�LQ�WKH�6DYDQQDK�+DUERU���$Q�LQFUHDVH�LQ�VDOLQLW\�FRQGLWLRQV�LQ
WKH�XSSHU�KDUERU�PD\�LPSDFW�FKORULGH�OHYHOV�DW�WKH�&LW\·V�UDZ�ZDWHU�LQWDNH�

6DYDQQDK�5LYHU�DOVR�VHUYHV�DV�D�VRXUFH�RI�GULQNLQJ�ZDWHU�IRU�WKH�%HDXIRUW�DQG�+LOWRQ
+HDG�DUHD���7KH�%HDXIRUW�-DVSHU�:DWHU�DQG�6HZHU�$XWKRULW\�RSHUDWHV�D�ZDWHU
WUHDWPHQW�SODQW�LQ�6RXWK�&DUROLQD�WKDW�KDV�LWV�UDZ�ZDWHU�ZLWKGUDZDO�DW
DSSUR[LPDWHO\�50������7KH�XSVWUHDP�ORFDWLRQ�RI�WKDW�LQWDNH�SURWHFWV�LW�IURP�FKORULGH
FRQFHUQV�UHODWHG�WR�6DYDQQDK�+DUERU�

��� :DWHU�4XDOLW\

7KHUH�DUH���ZDWHU�TXDOLW\�LVVXHV�WKDW�DUH�UHODWHG�WR�WKH�SURSRVHG�GHHSHQLQJ�RI�WKH
KDUERU�������WKH�SRWHQWLDO�IRU�KD]DUGRXV�DQG�RU�WR[LF�FRQVWLWXHQWV�FRQWDLQHG�LQ�WKH
ULYHU�VHGLPHQWV�WR�EHFRPH�PRUH�ELRORJLFDOO\�DYDLODEOH�ZKHQ�UHVXVSHQGHG�LQ�WKH
ZDWHU�E\�WKH�SK\VLFDO�GLVWXUEDQFH�RI�D�GUHGJH������WKH�SRWHQWLDO�IRU�KD]DUGRXV
DQG�RU�WR[LF�FRQVWLWXHQWV�OHDFKLQJ�IURP�GUHGJHG�VHGLPHQWV�GHSRVLWHG�LQ�WKH
GLVSRVDO�DUHDV������SRWHQWLDO�LPSDFWV�WR�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI
VDOLQLW\��DQG������SRWHQWLDO�LPSDFWV�WR�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�'2��
7KH�TXDOLW\�RI�WKH�ULYHU�VHGLPHQWV�LV�GLVFXVVHG�LQ�6XEVHFWLRQ�������7KH�IROORZLQJ
SDUDJUDSKV�SUHVHQW�HYDOXDWLRQV�SHUIRUPHG�RQ�WKH�SRWHQWLDO�HIIHFWV�RI�UHVXVSHQVLRQ�RI
WKRVH�VHGLPHQWV�GXULQJ�GUHGJLQJ�RU�DV�D�UHVXOW�RI�WKHLU�GLVFKDUJH�LQ�HIIOXHQW�IURP�WKH
&')V���7KH�SRWHQWLDO�IRU�KD]DUGRXV�DQG�WR[LF�ZDVWHV�OHDFKLQJ�IURP�WKH�GUHGJHG
PDWHULDO�GLVSRVDO�DUHDV�LV�GLVFXVVHG�LQ�6HFWLRQ�������7KH�UHVXOWV�RI�VWXGLHV�SHUIRUPHG
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GXULQJ�WKH�HYDOXDWLRQ�RI�WKLV�KDUERU�LPSURYHPHQW�WR�HYDOXDWH�H[LVWLQJ�VDOLQLW\�DQG
'2�FRQGLWLRQV�DUH�DOVR�LQFOXGHG�LQ�WKLV�VXEVHFWLRQ

����� 5HVXVSHQVLRQ�RI�5LYHU�6HGLPHQWV

5HVXVSHQVLRQ�RI�ULYHU�VHGLPHQWV�LQ�D�GUHGJLQJ�SURMHFW�KDYH�WKH�SRWHQWLDO�IRU�FDXVLQJ
ZDWHU�TXDOLW\�SUREOHPV�LQ���DUHDV���DURXQG�WKH�GUHGJH�DQG�DURXQG�WKH�GUHGJHG
PDWHULDO�GLVSRVDO�VLWH�

0HDVXUHPHQWV�RI�WRWDO�VXVSHQGHG�VROLGV�WDNHQ�E\�6DYDQQDK�'LVWULFW�86$&(�GXULQJ
GUHGJLQJ�IRU�WKH����������������:LGHQLQJ�3URMHFW�DQG�WKH�����������'HHSHQLQJ
3URMHFW�UHYHDOHG�LQIRUPDWLRQ�RQ�WKH�IROORZLQJ���LWHPV��

7KH�UHODWLRQVKLS�UHSRUWHG�LQ�OLWHUDWXUH�RI�D�UHGXFWLRQ�LQ�WXUELGLW\�ZLWK�YHUWLFDO
GLVWDQFH�IURP�WKH�ERWWRP�ZDV�JHQHUDOO\�REVHUYHG�LQ�ERWK�WKH�QDWXUDO�FRQGLWLRQ�DQG
LQ�WKH�GUHGJH�SOXPH�

$OWKRXJK�WKH�PRQLWRULQJ�ZDV�QRW�H[KDXVWLYH��WKH����VDPSOLQJ�HYHQWV�IRXQG�WKH
VROLGV�FRQWHQW�LQ�WKH�GUHGJH�SOXPH�WR�EH�UHODWLYHO\�ORZ���$OWKRXJK�WKH�PD[LPXP
FRQFHQWUDWLRQ�UHFRUGHG�DW�WKH�ERWWRP�ZDV�������PJ�/�����SHUFHQW�RI�WKH�WLPH�WKH
VXVSHQGHG�VROLGV�UHDGLQJV�ZHUH�OHVV�WKDQ�����PJ�/�

2QO\���PLG�GHSWK�UHDGLQJV������DQG�����PJ�/�����ZKLFK�UHSUHVHQW���SHUFHQW�RI�WKH
VDPSOLQJ�HYHQWV����ZHUH�IRXQG�WR�H[FHHG�����PJ�/���1R�UHDGLQJV�WDNHQ���IHHW�EHORZ
WKH�VXUIDFH�ZHUH�IRXQG�WR�H[FHHG�����PJ�/���7KH�GLVWULEXWLRQ�RI�PD[LPXP
VXVSHQGHG�VROLGV�FRQFHQWUDWLRQV�IRXQG�LQ�WKH�GUHGJH�SOXPH�LV�DV�IROORZV�

3HUFHQW�/HVV�7KDQ 766�&RQFHQWUDWLRQ��PJ�/�
�������������������� ��������������������������
��������������������� ���������������������������
��������������������� ���������������������������
��������������������� ���������������������������
��������������������� ���������������������������
��������������������� ����������������������������

%DVHG�RQ�WKLV�LQIRUPDWLRQ��WKH�WXUELGLW\�SOXPHV�JHQHUDWHG�DW�WKH�GUHGJH�VLWH�GXULQJ
K\GUDXOLF�GUHGJLQJ�LQ�6DYDQQDK�+DUERU�DUH�H[SHFWHG�WR�SURGXFH�PLQLPDO�LPSDFWV�WR
ZDWHU�TXDOLW\�DQG�DTXDWLF�VSHFLHV�
6WXGLHV�SHUIRUPHG�LQ������IRU�7HUPLQDO�0DQDJHPHQW�&RUSRUDWLRQ�E\�6NLGDZD\
,QVWLWXWH�RI�2FHDQRJUDSK\�LQFOXGHG�PHDVXUHPHQWV�RI�EDFNJURXQG�WXUELGLW\�OHYHOV
WKURXJKRXW�WKH�KDUERU���0HDVXUHPHQWV�ZHUH�WDNHQ�RQ���GLIIHUHQW�GDWHV�DQG�UHYHDOHG
WKDW�WKH�]RQH�RI�KLJKHVW�EDFNJURXQG�WXUELGLW\�YDULHG�LQ�ERWK�ORFDWLRQ�DQG�VWUHQJWK��
7KH�VWXGLHV�SURYLGHG�WKH�IROORZLQJ�LQIRUPDWLRQ�DERXW�EDFNJURXQG�WXUELGLW\�OHYHOV
LQ�6DYDQQDK�+DUERU�
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*HQHUDO�/RFDWLRQ 2EVHUYHG�/HYHO�LQ ([WHQW�RI
RI�3HDN�7XUELGLW\�=RQH 3HDN�7XUELGLW\ =RQH�$ORQJ

6DPSOH �&KDQQHO�6WDWLRQV� =RQH��PJ�O� (VWXDU\��10�
� �������WR�������� !���� �
� �������WR�������� !���� !��
� �������WR�������� !���� �
� ����� !���� �
� ������ !���� �

7KHVH�VWXGLHV��WKHUHIRUH��UHYHDO�EDFNJURXQG�WXUELGLW\�OHYHOV�WKURXJK�WKH�HQWLUH
OHQJWK�RI�WKH�KDUERU�WKDW�DUH�LQ�WKH�VDPH�UDQJH�DV�WKH�PD[LPXP�OHYHOV�SURGXFHG�E\
WKH�SOXPH�RI�D�K\GUDXOLF�GUHGJH�RSHUDWLQJ�LQ�WKH�VDPH�ULYHU���7KLV�VXSSRUWV�WKH
SRVLWLRQ�WKDW�WKH�WXUELGLW\�SOXPH�DW�WKH�VLWH�RI�D�K\GUDXOLF�GUHGJH�KDV�PLQLPDO
LPSDFW�RQ�ZDWHU�TXDOLW\�DQG�QR�GLVFHUQLEOH�HIIHFW�RQ�ELRWD�LQ�6DYDQQDK�+DUERU�
5HVHDUFK�LQGLFDWHV�WKDW�VXVSHQGHG�VROLGV�FRQFHQWUDWLRQV�YDU\�ZLWK�WKH�W\SH�RI
GUHGJH�XVHG���&ODPVKHOO�GUHGJHV�H[KLELW�KLJKHU�OHYHOV�DQG�PRUH�ZLGHO\�GLVSHUVHG
LPSDFWV�WKDQ�GR�KRSSHU�GUHGJHV�DQG�FXWWHUKHDG�GUHGJHV��ZKLFK�H[KLELW�WKH�OHDVW
LPSDFW��/D6DOOH��������3DJH������
(QYLURQPHQWDO�LPSDFWV�UHVXOWLQJ�IURP�UHVXVSHQVLRQ�RI�VHGLPHQWV�GXULQJ�D�GUHGJLQJ
RSHUDWLRQ�DUH�JHQHUDOO\�QRW�H[SHFWHG�WR�YDU\�ZLWK�WKH�ORFDWLRQ�RI�WKH�GUHGJH�ZLWKLQ
WKH�QDYLJDWLRQ�FKDQQHO��L�H���FKDQQHO�ERWWRP��FKDQQHO�VLGH�VORSHV��RU�DGYDQFH
PDLQWHQDQFH�VHFWLRQV���2QH�GLIIHUHQFH�WKDW�LV�H[SHFWHG�LV�D�UHGXFWLRQ�LQ�WKH�VSUHDG�RI
WKH�WXUELGLW\�SOXPH�ZKHQ�GUHGJLQJ�LV�SHUIRUPHG�LQ�WKH�6HGLPHQW�%DVLQ�RU�WKH
WXUQLQJ�EDVLQV��GXH�WR�WKH�ORZHU�FXUUHQW�YHORFLWLHV�LQ�WKRVH�DUHDV�
%DVHG�RQ�D�OLWHUDWXUH�UHYLHZ�RI�H[LVWLQJ�UHVHDUFK��DOO�OLIH�VWDJHV�RI�HVWXDULQH
GHSHQGHQW�DQG�DQDGURPRXV�ILVK�VSHFLHV�DSSHDU�WR�EH�YHU\�WROHUDQW�RI�HOHYDWHG
VXVSHQGHG�VHGLPHQW�FRQFHQWUDWLRQV���,Q�DOO�SUREDELOLW\��VSHFLHV�WKDW�XVH�QDWXUDOO\
WXUELG�KDELWDWV�DV�VSDZQLQJ�DQG�QXUVHU\�JURXQGV�DUH�DGDSWHG�WR�DQG�KLJKO\�WROHUDQW
RI�HOHYDWHG�VXVSHQGHG�VHGLPHQW�FRQFHQWUDWLRQV���,Q�VRPH�FDVHV��H�J���VWULSHG�EDVV��
WKHLU�PLJUDWLRQ�FRUUHVSRQGV�WR�SHULRGV�RI�WKH�\HDU�ZKHQ�KLJKHVW�QDWXUDO�VXVSHQGHG
VHGLPHQW�OHYHOV�DUH�REVHUYHG���7KLV�ZRXOG�LQGLFDWH�VRPH�GHJUHH�RI�D�WROHUDQFH�RI
KLJK�VXVSHQGHG�VROLG�OHYHOV�E\�WKRVH�VSHFLHV���'UHGJH�LQGXFHG�HOHYDWHG�VXVSHQGHG
VHGLPHQW�FRQFHQWUDWLRQV�DUH�RI�UHODWLYHO\�VKRUW�GXUDWLRQ�DW�D�JLYHQ�ORFDWLRQ�DQG�GR
QRW�SUHYDLO�IRU�VXIILFLHQW�OHQJWKV�RI�WLPH�WR�PHULW�VSHFLDO�FRQFHUQ��/D6DOOH�������
3DJH�������+RZHYHU��RSHQ�ZDWHU�GLVSRVDO�RSHUDWLRQV�PD\�EH�RI�VXIILFLHQW�GXUDWLRQV�WR
PHULW�FRQFHUQ��/D6DOOH��������3DJH�����
&')V�IXQFWLRQ�DV�VHWWOLQJ�EDVLQV��DOORZLQJ�VXVSHQGHG�VHGLPHQWV�WR�VHWWOH�EDFN�RXW�RI
VROXWLRQ�DIWHU�EHLQJ�WUDQVSRUWHG�IURP�WKH�ULYHU�ERWWRP�WKURXJK�D�SLSHOLQH�WR�WKH
GLVSRVDO�VLWH���3RWHQWLDO�ZDWHU�TXDOLW\�FRQFHUQV�DULVH�IURP�WKH�GLVFKDUJH�RI�ZDWHU
IURP�WKH�&')���,I�WKH�&')V�GR�QRW�IXQFWLRQ�ZHOO��VXEVWDQWLDO�YROXPHV�RI�VHGLPHQW
FDQ�VWLOO�UHPDLQ�VXVSHQGHG�DV�WKH�ZDWHU�OHDYHV�WKH�VLWH���7KH�HIIOXHQW�FRXOG�WKHQ�KDYH
XQDFFHSWDEOH�FRQVHTXHQFHV�RQ�DTXDWLF�OLIH�LQ�WKH�UHFHLYLQJ�ZDWHU�
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:HLUV�IURP�VHYHUDO�RI�WKH�KDUERU
V�&')V�GLVFKDUJH�LQWR�VPDOO�WLGDO�FUHHNV�WKDW�GUDLQ
WR�WKH�:ULJKW�5LYHU���$V�D�UHVXOW�RI�FRQFHUQV�H[SUHVVHG�E\�WKH�6&&&�DERXW�SRWHQWLDO
HQYLURQPHQWDO�LPSDFWV�ZKLFK�VXFK�GLVFKDUJHV�FRXOG�SURGXFH�LQ�WKDW�SRUWLRQ�RI�WKH
HVWXDU\��WKH�6DYDQQDK�'LVWULFW�86$&(�FRQGXFWHG�FKHPLFDO�DQG�ELRORJLFDO�WHVWV�RI
UHOHDVHV�IURP�WKRVH�DUHDV�LQ�������������7KDW�DQDO\VLV�LQFOXGHG�ERWK�HIIOXHQW�IURP
WKH�ZHLUV�DQG�VHGLPHQW�IURP�WKH�VPDOO�WLGDO�FUHHNV���7KH�VWXG\�IRXQG�WKDW�GLVFKDUJHV
IURP�WKH�RYHUIORZ�ZHLUV�VRPHWLPHV�H[KLELWHG�ORZ�'2�DQG�KLJK�WXUELGLW\��EXW�GLG
QRW�UHVXOW�LQ�DFXWH�HIIHFWV�WR�DTXDWLF�OLIH���7KH�6DYDQQDK�'LVWULFW�86$&(�HYDOXDWHG
DGGLWLRQDO�PDQDJHPHQW�PHDVXUHV�WR�UHGXFH�SRVVLEOH�DGYHUVH�HIIHFWV�IURP�WKRVH
LWHPV�DQG�FRQFOXGHG�LQ�WKH�/706�(,6�WKDW�LW�ZRXOG�UHGXFH�LWV�WKUHVKROG�RI
DFFHSWDELOLW\�RI�RYHUIORZ�ZHLU�HIIOXHQW�WXUELGLW\�WR�����PJ�/���%DVHG�RQ�WKDW�VWXG\·V
ILQGLQJV��&KDWKDP�&RXQW\�DOVR�DJUHHG�WR�FORVH�WKH�XQGHUGUDLQV�ORFDWHG�LQ�'LVSRVDO
$UHDV���%�DQG���$�WKDW�GLVFKDUJH�LQWR�WKH�PDUVKHV�DGMDFHQW�WR�:ULJKW�5LYHU���:KHQ
XQGHUGUDLQV�DUH�UHLQVWDOOHG�LQ�WKH�IXWXUH��WKH\�ZRXOG�GUDLQ�WR�WKH�6DYDQQDK�5LYHU�RU
%DFN�5LYHU�

����� +LVWRULF�6DOLQLW\�&RQGLWLRQV

,Q�6HFWLRQ��������KLVWRULF�SK\VLFDO�DOWHUDWLRQV�WR�WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\
ZHUH�SUHVHQWHG���7KHVH�DOWHUDWLRQV�LPSDFWHG�WKH�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI
VDOLQLW\�ZLWKLQ�WKH�V\VWHP���7KH�PRVW�VLJQLILFDQW�SK\VLFDO�DOWHUDWLRQV�WR�WKH�V\VWHP
KDYH�EHHQ�

• &RQWLQXRXV�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�WR�SURYLGH�IRU�LQFUHDVLQJO\
GHHS�GUDIW�YHVVHOV�

• &RQVWUXFWLRQ�RI�WKH�WLGH�JDWH�LQ�WKH�����V��DQG

• ([FDYDWLRQ�RI�1HZ�&XW�DW�WKH�WLPH�RI�WKH�WLGH�JDWH�FRQVWUXFWLRQ�

,Q�������XQGHU�WKH�)HDVLELOLW\�6WXG\�IRU�WKH�SUHYLRXV�GHHSHQLQJ��86*6�LQVWDOOHG
FRQWLQXRXV�PRQLWRULQJ�LQVWUXPHQWV�DW�YDULRXV�ORFDWLRQV�WKURXJKRXW�WKH�V\VWHP��
7KHVH�VWDWLRQV�PRQLWRUHG�VSHFLILF�FRQGXFWDQFH�DQG�ZDWHU�OHYHO�RQ����PLQXWH
LQWHUYDOV���)LJXUH�����VKRZV�WKH�ORFDWLRQV�RI�WKH�FRQWLQXRXV�PRQLWRULQJ�VWDWLRQV��DQG
WKH�SDUDPHWHUV�UHFRUGHG�E\�HDFK�LQVWUXPHQW���)RU�DOO�RI�WKH�VWDWLRQV��WKH�VSHFLILF
FRQGXFWDQFH��DQG�XSRQ�FRQYHUVLRQ�WKH�VDOLQLW\�OHYHOV��ZHUH�PHDVXUHG�QHDU�WKH
ERWWRP���'XULQJ�WKLV�VDPH�WLPH�SHULRG��IORZ�UDWHV�ZHUH�PHDVXUHG�DW�WKH�&O\R
JDXJLQJ�VWDWLRQ�ORFDWHG�DW�50������7KHVH�VWDWLRQV�KDYH�EHHQ�PDLQWDLQHG�IURP������WR
WKH�SUHVHQW���

)URP������WR�WKH�SUHVHQW��WKH�SK\VLFDO�DOWHUDWLRQV�WR�WKH�/RZHU�6DYDQQDK�5LYHU
HVWXDU\�WKDW�PD\�KDYH�DOWHUHG�WKH�VDOLQLW\�FRQGLWLRQV�LQFOXGHG�

• 'HFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�

• &ORVXUH�RI�1HZ�&XW��DQG
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• ����IRRW�GHHSHQLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�

)LJXUH�����SUHVHQWV�D�WLPH�OLQH�VKRZLQJ�ZKHQ�WKHVH�DOWHUDWLRQV�RFFXUUHG�ZLWKLQ�WKH
V\VWHP��DQG�WKH�WLPH�SHULRGV�EHWZHHQ�HDFK�RI�WKH�HYHQWV���8VLQJ�WKH�FRQWLQXRXV
GDWD��LW�LV�SRVVLEOH�WR�LGHQWLI\�KRZ�WKHVH�FKDQJHV�DOWHUHG�WKH�VDOLQLWLHV�DW�WKH�ORFDWLRQV
RI�WKH�LQVWUXPHQWV���7KUHH�GLVWLQFW�FRQGLWLRQV�H[LVWHG�ZLWKLQ�WKH�V\VWHP�GXULQJ�WKLV
WLPH�SHULRG�

• WLGH�JDWH�LQ�2SHUDWLRQ��1HZ�&XW�2SHQ��������

• WLGH�JDWH�GHFRPPLVVLRQHG��1HZ�&XW�&ORVHG��WKH�����IRRW�GHHSHQLQJ�QRW�EHJXQ
��������DQG

• WLGH�JDWH�GHFRPPLVVLRQHG��1HZ�&XW�&ORVHG��WKH�����IRRW�GHHSHQLQJ�FRPSOHWHG
�DIWHU�������

7KH�DQDO\VLV�RI�WKH�KLVWRULFDO�GDWD�GHPRQVWUDWHG�WKDW�ORQJLWXGLQDO�LQWUXVLRQ�RI
VDOLQLW\�LQWR�WKH�6DYDQQDK�5LYHU�LV�D�IXQFWLRQ�RI���SULPDU\�IDFWRUV�

• )UHVKZDWHU�LQIORZ�UDWH�DW�WKH�KHDGZDWHUV�

• 7LGH�UDQJH�

• 2IIVKRUH�PHDQ�ZDWHU�OHYHO��DQG

• 3K\VLFDO�JHRPHWU\�RI�WKH�V\VWHP��LQFOXGLQJ�VWUXFWXUHV��

8VLQJ�WKH�PHDVXUHPHQWV�IURP�WKH�86*6�PRQLWRULQJ�VWDWLRQV��GDWD�VHWV�ZHUH
JHQHUDWHG�ZKLFK�LVRODWHG�WKH�IUHVKZDWHU�LQIORZ��PHDQ�ZDWHU�OHYHO��DQG�WLGH�UDQJH�
DORQJ�ZLWK�WKH�GDLO\�PHDQ��PD[LPXP��DQG�PHGLDQ�VDOLQLWLHV�DW���ORFDWLRQV���7KH
VDOLQLWLHV�ZHUH�JHQHUDWHG�IURP�VSHFLILF�FRQGXFWDQFH�GDWD�DW���VWDWLRQ�DORQJ�WKH�)URQW
5LYHU��86����%ULGJH��50��������DQG���VWDWLRQV�DORQJ�WKH�/LWWOH�%DFN�5LYHU��86):6
'RFN��50�������/XFNQRZ�&DQDO��50���������$W�HDFK�VWDWLRQ��PRUH�WKDQ���PRQWKV�RI
GDWD�ZHUH�FROOHFWHG��XQGHU�HDFK�SK\VLFDO�FRQGLWLRQ���ZKLFK�UHIOHFW�WKH�UHVSRQVH�RI
WKH�VDOLQLWLHV�XQGHU�YDU\LQJ�IORZV��WLGHV��DQG�PHDQ�ZDWHU�OHYHO���7KH�FRQGLWLRQV
LVRODWHG�LQFOXGH�

• 0D\�WR�6HSWHPEHU���������WLGH�JDWH�RSHUDWLQJ��1HZ�&XW�RSHQ��SUH�GHHSHQLQJ��

• 0D\�WR�6HSWHPEHU���������WLGH�JDWH�GHFRPPLVVLRQHG��1HZ�&XW�FORVHG��SUH�
GHHSHQLQJ��DQG

• 0D\�WR�6HSWHPEHU�������DQG������²�WLGH�JDWH�GHFRPPLVVLRQHG��1HZ�&XW�FORVHG�
SRVW�GHHSHQLQJ�

6WDWLVWLFDO�DQG�PXOWLYDULDWH�FRUUHODWLRQ�DQDO\VHV�RI�WKHVH�GDWD�LGHQWLILHG�WKH�UHODWLYH
FKDQJHV�LQ�WKH�VDOLQLW\�FRQGLWLRQV�DW�WKH���VWDWLRQV�GXH�WR�WKH�DOWHUDWLRQV�OLVWHG�DERYH�
�7KH�IROORZLQJ�VXPPDUL]HV�WKH�ILQGLQJV�IURP�WKHVH�DQDO\VHV���$�GHWDLOHG�ZULWH�XS�RI
WKH�PHWKRGRORJ\�XVHG�LQ�WKHVH�DQDO\VHV��DQG�WKH�UHVXOWV��LV�SUHVHQWHG�LQ�D�VHSDUDWH
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GRFXPHQW�SUHSDUHG�E\�$70�WLWOHG�$QDO\VLV�RI�WKH�+LVWRULF�'DWD�IRU�WKH�/RZHU�6DYDQQDK
5LYHU�(VWXDU\���

7ZR�W\SHV�RI�DQDO\VHV�ZHUH�FRQGXFWHG�XQGHU�WKLV�VWXG\���(DFK�DWWHPSWV�WR�FRPSDUH
WKH�UHODWLYH�FKDQJHV�LQ�WKH�VDOLQLW\�GLVWULEXWLRQ�ZLWKLQ�WKH�V\VWHP�GXH�WR�WKH�UHPRYDO
RI�WKH�WLGH�JDWH�FORVXUH�RI�1HZ�&XW�ZLWK�WKH�FKDQJHV�GXH�WR�WKH���������������IRRW
KDUERU�GHHSHQLQJ���

7KH�ILUVW�DQDO\VLV�SURYLGHG�JHQHUDO�VWDWLVWLFDO�HYDOXDWLRQV�RI�WKH�VDOLQLWLHV��WLGHV��DQG
IORZV�IRU�HDFK�GDWD�SHULRG�DQG�XVHG�WKRVH�VWDWLVWLFV�WR�FRPSDUH�WKH�UHVXOWLQJ
FKDQJHV���7KLV�W\SH�RI�DQDO\VLV�GRHV�QRW�DFFRXQW�IRU�WKH�VHDVRQDO�YDULDWLRQV�LQ�WKH
IORZ�DQG�PHDQ�ZDWHU�OHYHOV��DQG�PD\�QRW�SURYLGH�WKH�EHVW�LQWHUFRPSDULVRQ�RI�WKH
UHODWLYH�LPSDFWV���7KH�IROORZLQJ�VXPPDUL]HV�WKH�ILQGLQJV�IURP�WKLV�DQDO\VLV�

7DEOH�����SUHVHQWV�WKH�PHDQ��PD[LPXP��DQG�PLQLPXP�IUHVKZDWHU�LQIORZ�PHDVXUHG
DW�&O\R��50�������7KH�GDWD�VKRZ�WKDW�RYHUDOO�������ZDV�D�ORZ�IORZ�WLPH�SHULRG�LQ
UHODWLRQ�WR�������������DQG��������7KH�\HDUV�������������DQG������ZHUH�UHODWLYHO\
VLPLODU�LQ�UHODWLRQ�WR�WKH�IORZV��ZLWK������KDYLQJ�WKH�KLJKHVW�DYHUDJH�IORZ��
([DPLQDWLRQ�RI�WKH�PHDQ�ZDWHU�OHYHOV�LGHQWLILHG�WKDW������ZDV�D�KLJK�PHDQ�ZDWHU
OHYHO�SHULRG��ZLWK�WKH�RWKHU�\HDUV�VKRZLQJ�VLPLODU�RYHUDOO�OHYHOV���

 

7DEOH�����0D[LPXP��0HDQ��DQG�0LQLPXP�5LYHU�'LVFKDUJH�DW�&O\R��50������FXELF�IHHW�SHU
VHFRQG�

 
 ���� ���� ���� ����
 
 0D[LPXP ������ ������ ������ ������
 0HDQ ������� ����� ������� �������
 0LQLPXP ����� ����� ����� �����
 

 
 

7KH�FDOFXODWHG�PHDQV��PHGLDQV��DQG�VWDQGDUG�GHYLDWLRQV�DW�HDFK�VWDWLRQ�E\�\HDU�
SUHVHQWHG�LQ�7DEOH������DUH�GHULYHG�IURP�WKH�GDWD�VHWV�GHVFULEHG�DERYH���
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7DEOH�����6DOLQLW\��SSW��/HYHOV�2YHU�7LPH�7KURXJK�+DUERU�0RGLILFDWLRQV

 
 ���� ���� ���� ����
 

86*6�6WDWLRQ���������
3RUW�:HQWZRUWK��50������

 0HDQ ���� ���� ���� ����
 6WDQGDUG�'HYLDWLRQ ���� ���� ���� ����
 0HGLDQ ���� ���� ���� ����
 

86*6�6WDWLRQ����������
86):6�'RFN��50������

 0HDQ ���� ���� ���� ����
 6WDQGDUG�'HYLDWLRQ ���� ���� ���� ����
 0HGLDQ ���� ���� ���� ����
 

86*6�6WDWLRQ����������
/XFNQRZ�&DQDO��50������

 0HDQ ���� ���� ���� ����
 6WDQGDUG�'HYLDWLRQ ���� ���� ���� ����
 0HGLDQ ���� ���� ���� ����
 

 

([DPLQDWLRQ�RI�WKH�GDWD�LQ�WKH�WDEOHV�VKRZV�D�VLJQLILFDQW�FKDQJH�LQ�WKH�VDOLQLW\
FRQGLWLRQV�LPPHGLDWHO\�IROORZLQJ�WKH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�DQG�WKH
FORVXUH�RI�1HZ�&XW�������YHUVXV���������$W�WKH�)URQW�5LYHU�VWDWLRQ��ZKLFK�PHDVXUHG
WKH�QHDU�ERWWRP�VSHFLILF�FRQGXFWDQFH�DW�50��������WKH�PHGLDQ�VDOLQLWLHV�FKDQJHG
IURP������SSW�WR������SSW��ZKLOH�WKH�PHDQV�FKDQJHG�IURP������SSW�WR������SSW���$W�WKH
��VWDWLRQV�DORQJ�WKH�/LWWOH�%DFN�5LYHU��WKH�PHGLDQ�VDOLQLW\�OHYHOV�ZHQW�IURP������DQG
�����SSW�WR�DURXQG������SSW��ZKLOH�WKH�PHDQV�ZHQW�IURP������SSW�DQG������SSW�WR
EHWZHHQ������SSW�DQG������SSW���

,Q�FRQWUDVW��WKH�LPSDFWV�IURP�WKH�GHHSHQLQJ�������YHUVXV������DQG�������DUH�QRW�DV
HYLGHQW��$W�WKH�)URQW�5LYHU�VWDWLRQ��WKH�PHGLDQ�VDOLQLWLHV�ZHQW�IURP������SSW�WR�����
SSW�DQG������SSW��ZKLOH�WKH�PHDQV�FKDQJHG�IURP������SSW�WR������SSW�DQG������SSW��
$W�WKH���VWDWLRQV�DORQJ�WKH�/LWWOH�%DFN�5LYHU��WKH�PHGLDQ�VDOLQLWLHV�ZHQW�IURP������SSW
WR�EHWZHHQ������SSW�DQG������SSW��ZKLOH�WKH�PHDQV�ZHQW�IURP������SSW�DQG������SSW
WR�EHWZHHQ������SSW�DQG������SSW�

7KH�����SSW�FRQWRXU�OLQH�KDV�EHHQ�XVHG�WR�GHWHUPLQH�WKH�WKUHVKROG�VDOLQLW\�YDOXH�IRU
EUDFNLVK�ZDWHU��3HDUOVWLQH�HW�DO�����������7KHUHIRUH��DQRWKHU�LQGLFDWRU�RI�WKH�SRWHQWLDO
LPSDFWV�DWWULEXWDEOH�WR�WKH�WLGH�JDWH�DQG�WKH�ODVW�GHHSHQLQJ�FRXOG�EH�REWDLQHG
WKURXJK�WKH�UHFXUUHQFH�RI�VDOLQLW\�DERYH�����SSW��7DEOH�����VKRZV�WKH�QXPEHU�RI
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VDOLQLW\�HYHQWV��DERYH�����SSW�LQ�WHUPV�RI�SHUFHQW�RI�WLPH��DW�HDFK�VWDWLRQ��IRU�WKH
SHULRG�EHWZHHQ�-XQH�DQG�6HSWHPEHU��

7DEOH�����UHYHDOV�WKH�LQGLVSXWDEOH�HIIHFW�RI�WKH�WLGH�JDWH�RQ�WKH�VDOLQLW\�GLVWULEXWLRQ�RI
WKH�V\VWHP���7KH�UHVXOWV�DW�3RUW�:HQWZRUWK�VKRZ�WKDW�WKH�SHUFHQW�RI�WLPH�ZKHQ�WKH
V\VWHP�ZDV�DERYH�����SSW�ZHQW�IURP����SHUFHQW�GRZQ�WR����SHUFHQW�GXH�WR�WKH
GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH���7KLV�LV�D����SHUFHQW�GURS�LQ�RFFXUUHQFHV���$ORQJ
WKH�/LWWOH�%DFN�5LYHU�DW�WKH�86):6�'RFN��WKH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH
FDXVHG�D����SHUFHQW�UHGXFWLRQ��IURP����WR���SHUFHQW��LQ�WKH�RFFXUUHQFHV�RI�VDOLQLW\
DERYH�����SSW���$W�WKH�/XFNQRZ�&DQDO�VWDWLRQ��WKH�SHUFHQW�RI�RFFXUUHQFHV�GHFUHDVHG
IURP���SHUFHQW�WR���SHUFHQW��

 

7DEOH�����6DOLQLW\�(YHQWV�$ERYH�����SSW�DW�(DFK�6WDWLRQ���SHUFHQW�RI�7LPH�

 
 ���� ���� ���� ����
 
 3RUW�:HQWZRUWK �� �� �� ��
 86):6�'RFN �� � � �
 /XFNQRZ�&DQDO � � � �
 

 

,Q�FRQWUDVW��ZKLOH�HYLGHQW�LQ�WKH�)URQW�5LYHU��WKH�LPSDFW�RI�WKH�GHHSHQLQJ�������WR
�����������LV�HVVHQWLDOO\�QRQ�H[LVWHQW�DW�WKH�/LWWOH�%DFN�5LYHU�VWDWLRQV���$ORQJ�WKH
)URQW�5LYHU��WKH�GDWD�LQGLFDWH�D����WR����SHUFHQW�LQFUHDVH�LQ�WKH�QXPEHU�RI
RFFXUUHQFHV��ZKLOH�WKH�GDWD�VKRZ�D���WR���SHUFHQW�LQFUHDVH�DW�WKH�/LWWOH�%DFN�5LYHU
VWDWLRQV�

7KH�DQDO\VHV�SUHVHQWHG�DERYH�H[DPLQHG�WKH�VWDWLVWLFDO�FKDUDFWHULVWLFV�RI�WKH�VDOLQLWLHV
WKURXJK�WKH�DOWHUDWLRQV�OLVWHG���$OWKRXJK�WKH�IORZV��WLGHV��DQG�PHDQ�ZDWHU�OHYHOV
ZHUH�VLPLODU�LQ�WKH�������������������DQG������GDWD�VHWV��WKLV�DQDO\VLV�GRHV�QRW
FRPSOHWHO\�DFFRXQW�IRU�WKH�QDWXUDO�YDULDELOLW\�LQ�WKHVH�IRUFLQJ�IXQFWLRQV�\HDU�WR�\HDU�
DQG�OHDYHV�VRPH�GRXEW�LQ�WKH�FRPSDULVRQV���,Q�RUGHU�WR�LVRODWH�DQG�HOLPLQDWH�WKHVH
VHDVRQDO�YDULDWLRQV��LQGLYLGXDO�DQG�PXOWLYDULDWH�FRUUHODWLRQV�ZHUH�SHUIRUPHG���7KH
FRUUHODWLRQV�PHWKRG�XVHG�IRU�WKHVH�LV�GHVFULEHG�EHORZ�

7R�IDFLOLWDWH�LQWHUFRPSDULVRQ�EHWZHHQ�WKH�VDOLQLW\�DQG�WKH�LQGHSHQGHQW�YDULDEOHV
OLVWHG�DERYH��WKH�UDZ�GDWD�ZHUH�SURFHVVHG�WR�SURYLGH�D�ILOH�FRQWDLQLQJ�WKH�GDLO\�
DYHUDJH�IORZ�YDOXHV��WKH�GDLO\�PD[LPXP��PHDQ��DQG�PHGLDQ�VDOLQLWLHV��WKH�GDLO\�
DYHUDJH�PHDQ�ZDWHU�OHYHO��DQG�WKH�GDLO\�PD[LPXP�WLGH�UDQJH��L�H���PD[LPXP�ORZ�WR
KLJK�WLGH�UDQJH����7KH�GDLO\�PD[LPXPV�DQG�PHGLDQV�ZHUH�XVHG�IRU�FRPSDULVRQ�WR
DFFRXQW�IRU�WKH�VNHZQHVV�LQ�WKH�GLVWULEXWLRQ��PHGLDQ�YHUVXV�PHDQ��DQG�WR�SURYLGH
WKH�ZRUVW�FDVH�RI�WKH�LPSDFWV��PD[LPXPV����7KH�GDLO\�PHDQ�VDOLQLWLHV�ZHUH�XVHG�LQ
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WKH�DQDO\VLV�WR�SURYLGH�FRQVLVWHQF\�ZLWK�WKH�XVH�RI�WKH�GDLO\�DYHUDJH�IORZV���7KH
FRUUHODWLRQV�ZHUH�GHWHUPLQHG�IRU�DOO����EXW�QRQH�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH��
8VH�RI�RQH�RYHU�WKH�RWKHU�GLG�QRW�DSSHDU�WR�FKDQJH�WKH�WUHQGV�LQ�WKH�ILQGLQJV���

7KH�SURJUDPV�XVHG�LQ�WKH�LQGLYLGXDO�DQG�PXOWLSOH�OLQHDU�UHJUHVVLRQV�DUH�EDVHG�XSRQ
WKH�OLQHDU�PRGHO�RI�< ;E�XVLQJ�OHDVW�VTXDUHV��6DPSULW�DQG�$OL����������7KH�SURJUDP
SURYLGHV�D�YHFWRU�RI�UHJUHVVLRQ�FRHIILFLHQWV��E��DORQJ�ZLWK�D�FDOFXODWHG�5�VTXDUHG
�5���VWDWLVWLF�IRU�WKH�LQGHSHQGHQW�YDULDEOHV��;��DQG�WKH�GHSHQGDQW�YDULDEOH��<��

8VLQJ�LQGLYLGXDO�FRUUHODWLRQ�DQDO\VLV�LW�LV�SRVVLEOH�WR�LVRODWH�WKH�UHODWLYH�FRQWULEXWLRQ
RI�IUHVKZDWHU�LQIORZ��WLGH�UDQJH��DQG�PHDQ�ZDWHU�OHYHO�WR�WKH�YDULDQFH�RI�VDOLQLW\��
7KH�5��VWDWLVWLFV�SURYLGH�D�TXDQWLWDWLYH�PHDVXUHPHQW�RI�WKH�WRWDO�YDULDELOLW\�LQ
VDOLQLW\�WKDW�LV�DFFRXQWHG�IRU�E\�HDFK�UHJUHVVLRQ�HTXDWLRQ���,W�LV�LPSRUWDQW�WR�QRWH�WKDW
WKLV�DQDO\VLV�LV�QRW�PHDQW�IRU�XVH�LQ�SUHGLFWLYH�PRGH���$V�DQ�H[DPSOH��D�KLJK�5��IRU
WLGH�UDQJH�GRHV�QRW�PHDQ�LW�LV�SRVVLEOH�WR�SUHGLFW�VDOLQLW\�OHYHOV�EDVHG�RQ�WLGH
PHDVXUHPHQWV��UDWKHU��LW�LV�LQWHQGHG�WR�GHWHUPLQH�FDXVDOLW\���,Q�RWKHU�ZRUGV��KRZ
VLJQLILFDQW�WKH�YDULDWLRQ�LQ�WLGH�UDQJH��IUHVKZDWHU�LQIORZ��DQG�PHDQ�ZDWHU�OHYHO�LV
DVVRFLDWHG�ZLWK�YDULDWLRQV�LQ�VDOLQLW\�

,Q�WKH�PXOWLYDULDWH�DQDO\VLV��DOO���LQGHSHQGHQW�YDULDEOHV��IUHVKZDWHU�LQIORZ��WLGH
UDQJH��DQG�PHDQ�ZDWHU�OHYHO���DORQJ�ZLWK�D����WR���GD\�ODJ��´PHPRU\µ��DSSOLHG�WR�WKH
IORZ�GDWD��ZHUH�FRPELQHG�LQ�D�PDWUL[�DQG�DSSOLHG�WR�D�PXOWLSOH�OLQHDU�UHJUHVVLRQ
PRGHO���7KH�ODJV�ZHUH�XVHG�ZLWK�WKH�GDLO\�IORZ�GDWD�WR�DFFRXQW�IRU�D�ZDWHU�SDUWLFOH
WLPH�RI�WUDYHO�IURP�&O\R�WR�EHORZ�WKH�,����%ULGJH���7KH�UHVXOWV�VKRZHG�WKH�EHVW
FRUUHODWLRQ�ZLWK�WKH���GD\�ODJ��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�H[SHFWHG�WLPH�RI�WUDYHO��
7KH�PDLQ�REMHFWLYH�RI�WKLV�DQDO\VLV�LV�WR�LVRODWH�WKH�YDULDELOLW\�LQ�VDOLQLW\�GXH�WR
QDWXUDO�SURFHVVHV��DQG�DWWULEXWH�WKH�UHPDLQLQJ�YDULDQFH�WR�WKH�SK\VLFDO�JHRPHWU\�RI
WKH�V\VWHP���7KH�UDWLRQDOH�LV�WKDW�UHJUHVVLRQ�FXUYHV��GHWHUPLQHG�IURP�RQH�GDWD�VHW�
VKRXOG�UHWDLQ�WKH�VDPH�RUGHU�RI�DJUHHPHQW�ZKHQ�DSSOLHG�WR�GLIIHUHQW�GDWD�VHWV��LI�WKH
SK\VLFDO�JHRPHWU\�UHPDLQV�WKH�VDPH���

,QGLYLGXDO�FRUUHODWLRQV�EHWZHHQ�WKH�GHSHQGDQW�YDULDEOH�VDOLQLW\��DQG�WKH
LQGHSHQGHQW�YDULDEOHV�RI�IORZ��WLGH�UDQJH��DQG�PHDQ�ZDWHU�OHYHO�VKRZHG��LQ�JHQHUDO�
IDLU�WR�SRRU�FRUUHODWLRQV���7KHVH�FRUUHODWLRQV�VWHDGLO\�LPSURYHG�ZLWK�WKH�LQFOXVLRQ�RI
DGGLWLRQDO�LQGHSHQGHQW�YDULDEOHV���7KH�EHVW�FRUUHODWLRQV�ZHUH�REWDLQHG�XVLQJ�DOO��
LQGHSHQGHQW�YDULDEOHV��IUHVKZDWHU�LQIORZ��WLGH�UDQJH��DQG�PHDQ�ZDWHU�OHYHO���DORQJ
ZLWK�D����WR���GD\�ODJ��´PHPRU\µ��DSSOLHG�WR�WKH�IORZ�GDWD��FRPELQHG�LQ�D�PDWUL[
DQG�DSSOLHG�WR�D�PXOWLSOH�OLQHDU�UHJUHVVLRQ�PRGHO��

)LJXUHV�3-4 �WKURXJK�3-6 �SUHVHQW�WKH�GDLO\�PHDQ�VDOLQLWLHV�FDOFXODWHG�IURP�WKH
PHDVXUHG�GDWD�DORQJ�ZLWK�WKH�GDLO\�PHDQ�VDOLQLWLHV�FDOFXODWHG�IURP�WKH�PXOWLYDULDWH
UHJUHVVLRQ�DQDO\VHV���7KH�FRUUHODWLRQ�FRHIILFLHQWV�IRU�HDFK�UHJUHVVLRQ�DUH�SUHVHQWHG�RQ
WKH�SORWV���7KH�FRUUHODWLRQ�FRHIILFLHQWV�UDQJH�IURP������WR������IRU�WKH�3RUW�:HQWZRUWK
6WDWLRQ�������WR������IRU�WKH�86):6�'RFN�6WDWLRQ��DQG������WR������DW�WKH�/XFNQRZ
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&DQDO�6WDWLRQ���,Q�JHQHUDO��WKH�EHVW�FRUUHODWLRQV�RFFXUUHG�IRU�WKH������GDWD�VHW�ZKHQ
WKH�VDOLQLW\�OHYHOV�DW�HDFK�VWDWLRQ�ZHUH�KLJKHVW��L�H���WKH�SHULRG�ZLWK�WKH�VWURQJHVW
VLJQDO����:KHUH�WKH�VDOLQLW\�OHYHOV�DUH�ORZHU��WKH�FRUUHODWLRQ�FRHIILFLHQWV�JHW�ZRUVH�

)LJXUHV�3 ���WKURXJK�3  ����SUHVHQW�WKH�GDLO\�PD[LPXP�VDOLQLWLHV�FDOFXODWHG�IURP�WKH
PHDVXUHG�GDWD��DORQJ�ZLWK�WKH�GDLO\�PD[LPXP�VDOLQLWLHV�FDOFXODWHG�IURP�WKH
PXOWLYDULDWH�UHJUHVVLRQ�DQDO\VHV���7KH�FRUUHODWLRQ�FRHIILFLHQWV�IRU�HDFK�UHJUHVVLRQ�DUH
SUHVHQWHG�RQ�WKH�SORWV���7KH�FRUUHODWLRQ�FRHIILFLHQWV�UDQJH�IURP������WR������IRU�WKH
3RUW�:HQWZRUWK�6WDWLRQ�������WR������IRU�WKH�86):6�'RFN�6WDWLRQ��DQG������WR������DW
WKH�/XFNQRZ�&DQDO�6WDWLRQ����7KH�PD[LPXP�VDOLQLWLHV�RYHUDOO�VKRZ�ORZHU
FRUUHODWLRQV�WKDQ�ZHUH�IRXQG�IRU�WKH�PHDQV���

8VLQJ�WKH�FDOFXODWHG�UHJUHVVLRQV�IRU�HDFK�VWDWLRQ�E\�\HDU��DQG�UXQQLQJ�WKHP�XQGHU
WKH�IORZV��WLGHV��DQG�PHDQ�ZDWHU�OHYHOV�IRU�WKH������GDWD�VHW�DOORZV�DQ
LQWHUFRPSDULVRQ�RI�WKH�FKDQJHV�DW�HDFK�VWDWLRQ�WKURXJK�WKH�GHFRPPLVVLRQLQJ�RI�WKH
WLGH�JDWH�������YHUVXV�������DQG�WKURXJK�WKH�KDUERU�GHHSHQLQJ�������YHUVXV������
��������7KH�SXUSRVH�RI�WKDW�LQWHUFRPSDULVRQ�LV�WR�LVRODWH��RU�WR�PDNH�LGHQWLFDO����RI
WKH���LQGHSHQGHQW�YDULDEOHV��IORZ��WLGHV��DQG�PHDQ�ZDWHU�OHYHO���WKHUHIRUH��WKH�RQO\
UHPDLQLQJ�YDULDEOH�LV�WKH�DOWHUDWLRQ�RI�WKH�V\VWHP�JHRPHWU\���

)LJXUH3   ����SUHVHQWV�WKH�LQWHUFRPSDULVRQ�RI�WKH���PHDQ�VDOLQLW\�UHJUHVVLRQV�������
������������DQG�������DSSOLHG�WR�WKH������IORZ��WLGH��DQG�PHDQ�ZDWHU�OHYHOV���,Q
HVVHQFH��WKLV�LV�WKH�SURMHFWHG�PHDQ�VDOLQLWLHV��LI�LQ������WKH�V\VWHP�JHRPHWU\�ZDV�WKH
VDPH�DV�LQ�������DIWHU�GHFRPPLVVLRQLQJ��SUH�GHHSHQLQJ��RU�LQ������DQG�������DIWHU
GHFRPPLVVLRQLQJ��SRVW�GHHSHQLQJ����7KH�LPSDFWV�RI�WKH�WLGH�JDWH�DUH�FOHDU�IURP
REVHUYDWLRQ�RI�GDWD�IURP�WKH�/LWWOH�%DFN�5LYHU�VWDWLRQV���$OVR��WKH�DOWHUDWLRQ�LQ�WKH
JHQHUDO�SDWWHUQV�RI�VDOLQLW\�FKDQJH�DUH�HYLGHQW�LI�RQH�FRPSDUHV�WKH������WR������
������DQG������GDWD�DW�3RUW�:HQWZRUWK����7DEOH�����SUHVHQWV�PHDQV�FDOFXODWHG�IURP
WKHVH�UHJUHVVLRQV�

 

7DEOH�����5HVXOWV�RI�6WDWLVWLFDO�$QDO\VLV�RI�5HJUHVVLRQ�/LQHV

 %DVHG�RQ�'DLO\�0HDQV
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)LJXUH�3  ����SUHVHQWV�WKH�LQWHUFRPSDULVRQ�RI�WKH���PD[LPXP�VDOLQLW\�UHJUHVVLRQV
�������������������DQG�������UXQ�XQGHU�WKH������IORZ��WLGH��DQG�PHDQ�ZDWHU�OHYHOV���,Q
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HVVHQFH��WKLV�LV�WKH�SURMHFWHG�PD[LPXP�VDOLQLWLHV��LI�LQ������WKH�V\VWHP�JHRPHWU\�ZDV
WKH�VDPH�DV�LQ�������DIWHU�GHFRPPLVVLRQLQJ��SUH�GHHSHQLQJ��RU�LQ������DQG�����
�DIWHU�GHFRPPLVVLRQLQJ��SRVW�GHHSHQLQJ����7DEOH�����SUHVHQWV�PHDQV�FDOFXODWHG�IURP
WKHVH�UHJUHVVLRQV�

 

7DEOH�����5HVXOWV�RI�6WDWLVWLFDO�$QDO\VLV�RI�5HJUHVVLRQ�/LQHV�%DVHG�RQ�'DLO\�0D[LPXPV
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([DPLQDWLRQ�RI�WKHVH�GDWD�VKRZV�VLPLODU�WUHQGV�DV�WKRVH�IRXQG�IURP�WKH�VWDWLVWLFDO
DQDO\VLV�RI�WKH�UDZ�GDWD���7KLV�LV�PRVW�OLNHO\�GXH�WR�WKH�VLPLODULW\�RI�WKH�IORZV��WLGHV�
DQG�PHDQ�ZDWHU�OHYHOV�EHWZHHQ�WKH���\HDUV��DQG�OHQGV�FRQILGHQFH�LQ�WKH�DELOLW\�WR
FRPSDUH�\HDUV���7KH�UHJUHVVLRQV�VKRZ�WKDW��GXH�WR�WKH�WLGH�JDWH��VDOLQLW\�OHYHOV�DW�WKH
3RUW�:HQWZRUWK�VWDWLRQ�GHFUHDVHG�LQ�WKH�PHDQV�DQG�PD[LPXPV�RQ�DYHUDJH�IURP��
SSW�WR�����SSW���$W�WKH�86):6�VWDWLRQ��WKH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�GURSSHG
WKH�PHDQV�DSSUR[LPDWHO\�����SSW�DQG�WKH�PD[LPXPV�DSSUR[LPDWHO\�����SSW���$W�WKH
/XFNQRZ�&DQDO�VWDWLRQ��WKH�PHDQV�GURSSHG�DSSUR[LPDWHO\�����WR�����SSW�ZKLOH�WKH
PD[LPXPV�GURSSHG�RQ�WKH�RUGHU�RI�����SSW���

,Q�FRQWUDVW�WKH�GHHSHQLQJ�VKRZHG�DQ�LQFUHDVH�LQ�WKH�VDOLQLW\�PHDQV�DW�WKH�3RUW
:HQWZRUWK�VWDWLRQ�IURP�����WR�����SSW��ZKLOH�WKH�PD[LPXPV�LQFUHDVHG
DSSUR[LPDWHO\���WR���SSW���$W�WKH�86):6�'RFN�DQG�/XFNQRZ�&DQDO�VWDWLRQV��WKH
GHHSHQLQJ�VKRZHG�QR�LQFUHDVH�LQ�WKH�PHDQV��ZKLOH�WKH�PD[LPXPV�VKRZHG�D�VOLJKW
GHFUHDVH���,Q�HVVHQFH��WKH�UHVXOWV�VKRZHG�VRPH�FKDQJH�DORQJ�WKH�)URQW�5LYHU�LQ�WKH
VDOLQLWLHV��ZKLOH�RQ�WKH�/LWWOH�%DFN�5LYHU�LW�VKRZHG�LPPHDVXUDEOH�FKDQJH�

7KH�GDWD�DQDO\VHV�VKRZHG�IDLU�WR�JRRG�FRUUHODWLRQ�FRHIILFLHQWV�DQG�FRQVLVWHQW
ILQGLQJV�XVLQJ�VWDWLVWLFDO�DQG�PXOWLYDULDWH�DQDO\VHV���7KLV�DOORZV�VRPH�TXDOLWDWLYH
FRQFOXVLRQV�WR�EH�GUDZQ�UHODWLYH�WR�WKH�LPSDFWV�RI�WKH�WLGH�JDWH�YHUVXV�WKH�SUHYLRXV
��IRRW�KDUERU�GHHSHQLQJ�

• $�FOHDU�LPSDFW�RI�WKH�WLGH�JDWH�GHFRPPLVVLRQLQJ�LV�VHHQ�LQ�DOO�RI�WKH�GDWD�VHWV�
ZLWK�VLJQLILFDQW�DOWHUDWLRQV�LQ�WKH�PHDQV�DQG�PD[LPXPV�DW�WKH�/LWWOH�%DFN�5LYHU
6WDWLRQV��DQG�DOWHUDWLRQ�LQ�WKH�PHDQV�DQG�PD[LPXPV�DV�ZHOO�DV�WKH�FKDUDFWHU�RI
WKH�VDOLQLW\�LQWUXVLRQ�RQ�WKH�)URQW�5LYHU�
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• 6RPH�LPSDFW�RI�WKH�GHHSHQLQJ�LV�HYLGHQW�RQ�WKH�)URQW�5LYHU�ZLWK�FKDQJHV�LQ
GDLO\�PHDQ�VDOLQLWLHV�RQ�WKH�RUGHU�RI�����SSW��DQG

• 1HJOLJLEOH�LPSDFWV�XSRQ�WKH�VDOLQLWLHV�PHDVXUHG�DW�WKH�/LWWOH�%DFN�5LYHU�6WDWLRQV
DUH�IRXQG�GXH�WR�WKH�GHHSHQLQJ�

����� 3UHVHQW�6DOLQLW\�&RQGLWLRQV

8QGHU�FRQWUDFW�ZLWK�WKH�*HRUJLD�3RUWV�$XWKRULW\��$70�FRQGXFWHG�DQ�LQWHQVLYH�ILHOG
PRQLWRULQJ�SURJUDP�WR�TXDQWLI\�LQ�GHWDLO�WKH�VDOLQLW\�FRQGLWLRQV�ZLWKLQ�WKH�/RZHU
6DYDQQDK�5LYHU�HVWXDU\���7KHVH�GDWD�ZHUH�FROOHFWHG�LQ�VXSSRUW�RI�WKH�GHYHORSPHQW�RI
D���GLPHQVLRQDO�K\GURG\QDPLF�WUDQVSRUW�PRGHO�DQG�WR�SURYLGH�WKH�SUHVHQW
WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQ�RI�VDOLQLWLHV�WKURXJKRXW�WKH�V\VWHP���$�GHWDLOHG
ZULWH�XS�RI�WKH�PHWKRGRORJLHV�XVHG��WKH�ORFDWLRQV�RI�VWDWLRQV��WKH�GDWD�FROOHFWHG��DQG
ILQGLQJV�IURP�WKH�LQWHQVLYH�ILHOG�PRQLWRULQJ�SURJUDP�LV�SUHVHQWHG�LQ�D�VHSDUDWH
GRFXPHQW�WLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH�/RZHU�6DYDQQDK
5LYHU�(VWXDU\��-XO\�6HSWHPEHU��������7KH�IROORZLQJ�VXPPDUL]HV�VRPH�JHQHUDO�ILQGLQJV
IURP�WKH�VDOLQLW\�GDWD�SUHVHQWHG�ZLWKLQ�WKDW�UHSRUW���

7KH�VDOLQLW\�GDWD�FROOHFWHG�XQGHU�WKH�PRQLWRULQJ�SURJUDP�IDOO�LQWR���EDVLF�FDWHJRULHV�
FRQWLQXRXV�LQ�VLWX�GDWD��GLVFUHWH�V\QRSWLF�GDWD��DQG�VXSSOHPHQWDO�PDUVK�GDWD���7KH
FRQWLQXRXV�LQ�VLWX�GDWD�FRQVLVW�RI�SHUPDQHQWO\�PRXQWHG�VWDWLRQV�WKDW�UHFRUGHG
VDOLQLWLHV�DW����PLQXWH�LQWHUYDOV�RYHU�WKH�HQWLUH�SHULRG�RI�UHFRUG���)LJXUHV������D��DQG
�����E��VKRZ�WKH�ORFDWLRQV�RI�WKH�VWDWLRQV�WKURXJKRXW�WKH�V\VWHP�ZLWK�WKH�SDUDPHWHUV
PHDVXUHG�DQG�WKH�SRVLWLRQ�RI�WKH�LQVWUXPHQWV�RYHU�WKH�ZDWHU�FROXPQ���7DEOH����
SUHVHQWV�WKH�ORFDWLRQV�RI�WKHVH�VWDWLRQV�UHIHUHQFHG�E\�5LYHU�0LOH�

7DEOH�����&RQWLQXRXV�0RQLWRULQJ�6WDWLRQ�/RFDWLRQV

 %\�5LYHU�0LOH�IRU������'DWD�&ROOHFWLRQ
 
 6WDWLRQ /RFDWLRQ 5LYHU�0LOH
 
 *3$��� $WODQWLF�2FHDQ ����
 *3$��� )URQW�5LYHU ����
 *3$��� 6RXWK�&KDQQHO ����
 *3$��� )URQW�5LYHU �����
 *3$��� %DFN�5LYHU �����
 *3$��� )URQW�5LYHU �����
 *3$��� /LWWOH�%DFN�5LYHU �����
 *3$��� )URQW�5LYHU �����
 *3$��� )URQW�5LYHU �����
 *3$��� 0LGGOH�5LYHU �����
 *3$��� )URQW�5LYHU �����
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 *3$��� 0LGGOH�5LYHU �����
 *3$��� /LWWOH�%DFN�5LYHU �����
 *3$��� 6DYDQQDK�5LYHU �����
 *3$��� /LWWOH�%DFN�5LYHU �����
 86):6�'RFN /LWWOH�%DFN�5LYHU �����
 /XFNQRZ�&DQDO /LWWOH�%DFN�5LYHU �����

7KH�VWDWLRQV�ZLWKLQ�WKH�QDYLJDWLRQ�FKDQQHO�JHQHUDOO\�UHFRUGHG�VXUIDFH�DQG�ERWWRP
FRQFHQWUDWLRQV��ZKLOH�WKRVH�RXWVLGH�RI�WKH�FKDQQHO�UHFRUGHG�QHDU�ERWWRP
FRQFHQWUDWLRQV���7KH�LQVWUXPHQWV�ZHUH�SODFHG�QHDU�WKH�ERWWRP����IHHW�DERYH�WKH
ERWWRP�WR�OLPLW�SUREOHPV�ZLWK�VLOWDWLRQ�LQWHUIHULQJ�ZLWK�WKH�HTXLSPHQW��LQ�WKH
UHDFKHV�RXWVLGH�RI�WKH�FKDQQHO��WR�SURYLGH�WKH�ZRUVW�FDVH�FRQGLWLRQ�RI�VDOLQLW\
LQWUXVLRQ���

7KH�V\QRSWLF�GDWD�ZDV�FROOHFWHG�DW����VWDWLRQV�ZKLFK�ZHUH�PRQLWRUHG�LQWHQVLYHO\�IRU
���KRXUV�RQ�WKH�IROORZLQJ�GD\V�

• 6\QRSWLF�����$XJXVW���������

• 6\QRSWLF�����6HSWHPEHU���DQG���������

• 6\QRSWLF�����6HSWHPEHU���������

)LJXUHV������D��DQG������E��SUHVHQW�WKH�ORFDWLRQV�RI�WKH�V\QRSWLF�VWDWLRQV���$W�HDFK
VWDWLRQ��YHUWLFDO�SURILOHV�RI�VDOLQLW\�ZHUH�FROOHFWHG�DW�OHDVW�WZLFH�GXULQJ�WKH����KRXU
SHULRG���7KH�YHUWLFDO�SURILOHV�ZHUH�VSDFHG�DW���PHWHU�LQWHUYDOV�RYHU�WKH�ZDWHU�FROXPQ
VWDUWLQJ�DW�����PHWHUV���6\QRSWLFV���DQG���ZHUH�FRQGXFWHG�E\�$70���6\QRSWLF���ZDV
FRQGXFWHG�RYHU�D���GD\�SHULRG�LQ�D�FRRSHUDWLYH�HIIRUW�EHWZHHQ�$70�DQG�WKH�*HRUJLD
&RRSHUDWLYH�)LVK�DQG�:LOGOLIH�5HVHDUFK�8QLW�

7KH�ILQDO�GDWD�VHW�ZDV�VXSSOHPHQWDO�GDWD�RI�VDOLQLW\�HQWHULQJ�DQG�OHDYLQJ�WKH
PDUVKHV�ZLWKLQ�WKH�61:5���7KH�SXUSRVH�RI�WKLV�GDWD�FROOHFWLRQ�HIIRUW�ZDV�WR
TXDQWLI\�WKH�VDOLQLW\�GLIIHUHQFHV�EHWZHHQ�WKH�ZDWHUV�ZLWKLQ�WKH�PDLQ�FKDQQHOV�DQG
WKH�ZDWHUV�GUDLQLQJ�IURP�RU�IORRGLQJ�LQWR�WKH�PDUVKHV���,Q�WKH�61:5��WKH�PDUVKHV
GUDLQ�DQG�ILOO�WKURXJK�IHHGHU�FKDQQHOV��DWWDFKHG�WR�WKH�)URQW�5LYHU��0LGGOH�5LYHU�
DQG�/LWWOH�%DFN�5LYHU���)LJXUH������SUHVHQWV�WKH�ORFDWLRQV�RI�VWDWLRQV�VDPSOHG�IRU�WKLV
SXUSRVH���7KH�GDWD�FRQVLVWHG�RI�V\QRSWLF�VDOLQLW\�SURILOHV�ZLWKLQ�WKH�IHHGHU�FKDQQHOV
DQG�LPPHGLDWHO\�RXWVLGH�RI�WKH�HQWUDQFH�WR�WKH�IHHGHU�FKDQQHOV��DV�ZHOO�DV
FRQWLQXRXV�JDXJHV�ZKLFK�UHFRUGHG�VDOLQLWLHV�HQWHULQJ�DQG�OHDYLQJ�WKH�PDUVKHV�DW����
PLQXWH�LQWHUYDOV���7KH�FRQWLQXRXV�JDJHV�ZHUH�SODFHG�DW�06���$�DQG�06���$��

)ORZ�GDWD�DW�WKH�&O\R�JDXJLQJ�VWDWLRQ�IURP�-XO\����������WR�6HSWHPEHU�����������DUH
SUHVHQWHG�LQ�)LJXUH��������7KH�IORZV�GXULQJ�WKH�LQWHQVLYH�PRQLWRULQJ�UDQJHG�IURP
QHDU��������FXELF�IHHW�SHU�VHFRQG�GRZQ�WR�������FXELF�IHHW�SHU�VHFRQG���7KH�FULWLFDO
ORZ�IORZ�FRQGLWLRQ�RXW�RI�WKH�GDP�DW�$XJXVWD�LV�������FXELF�IHHW�SHU�VHFRQG��
7KURXJK�FRQVXOWDWLRQ�ZLWK�QDWXUDO�UHVRXUFH�DJHQFLHV��WKH�FULWLFDO�ORZ�IORZ�FRQGLWLRQ
ZDV�GHWHUPLQHG�WR�EH�������FXELF�IHHW�SHU�VHFRQG�DW�&O\R���7KLV�YDOXH�DFFRXQWV�IRU
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ERWK�VRPH�DGGLWLRQDO�LQIORZ�IURP�WKH�GDP�GRZQ�WR�&O\R�DQG�D�VPDOOHU�DPRXQW�RI
LQIORZ�EHWZHHQ�&O\R�DQG�WKH�HVWXDU\���'XULQJ�WKH�SHULRG�RI�WKH�LQWHQVLYH�PRQLWRULQJ
HIIRUW��WKH�IORZV�ZHUH�ZLWKLQ�������FXELF�IHHW�SHU�VHFRQG�RI�WKH�FULWLFDO�ORZ�IORZ
FRQGLWLRQ���([DPLQDWLRQ�RI�&O\R�GDWD�IURP������WKURXJK�WKH�SUHVHQW�LGHQWLILHG�D
FULWLFDO�GURXJKW�\HDU�LQ��������7KH�ORZHVW�PHDVXUHG�GDLO\�DYHUDJH�IORZ�DW�&O\R�IRU
WKLV�SHULRG�ZDV�������FXELF�IHHW�SHU�VHFRQG���7KHUHIRUH��WKH�ORZ�IORZ�FRQGLWLRQ
GXULQJ�WKH�LQWHQVLYH�PRQLWRULQJ�HIIRUW�ZDV�ZLWKLQ�������FXELF�IHHW�SHU�VHFRQG�RI�WKH
ORZHVW�PHDVXUHG�IORZV�LQ�WKH�ODVW����\HDUV���7KH�ORZ�IORZ�HYHQW�GXULQJ�WKH�LQWHQVLYH
PRQLWRULQJ�ZDV�FUHDWHG�WKURXJK�FRRSHUDWLRQ�EHWZHHQ�$70�DQG�WKH�86$&(��
5HOHDVHV�IURP�7KXUPRQG�'DP�QHDU�$XJXVWD�ZHUH�PDQLSXODWHG�WR�FUHDWH�D�ORZ�IORZ
FRQGLWLRQ�WKDW�FRLQFLGHG�ZLWK�WKH�6HFRQG�6\QRSWLF��6HSWHPEHU���DQG�������

,Q�RUGHU�WR�SURYLGH�EDVHOLQH�GDWD�IRU�XVH�LQ�ELRORJLFDO�DQG�HFRORJLFDO�LPSDFW
DQDO\VHV��LW�ZDV�GHVLUHG�WR�TXDQWLI\�WKH�GLVWULEXWLRQ�RI�VDOLQLW\�WKURXJKRXW�WKH
V\VWHP�XQGHU�SUHVFULEHG�IORZ�FRQGLWLRQV���,QLWLDO�H[DPLQDWLRQ�RI�WKH�GDWD�LGHQWLILHG
WKH�KLJKO\�YDULDEOH�QDWXUH�RI�WKH�VDOLQLW\�FRQFHQWUDWLRQV�DQG�PDGH�GHWHUPLQDWLRQ�RI
D�VWDWLF�UHSUHVHQWDWLYH�FRQGLWLRQ�XQUHDOLVWLF���)RU�WKLV�UHDVRQ��$70�GHFLGHG�WKDW�D
VWDWLVWLFDO�UHSUHVHQWDWLRQ�RI�WKH�VDOLQLW\�SURYLGHG�D�PRUH�VFLHQWLILFDOO\�EDVHG
FRQGLWLRQ�IRU�XVH�LQ�LPSDFW�DQDO\VHV���7KH�GDWD�IURP�HDFK�RI�WKH�VWDWLRQV�ZHUH�WKHQ
DQDO\]HG�LQ�RUGHU�WR�SURYLGH�WKH�FXPXODWLYH�SHUFHQWLOH�YDOXHV�RI�VDOLQLW\���)RU
H[DPSOH��D�QXPEHU�RI����SSW�DW�WKH���WK�SHUFHQWLOH�LGHQWLILHV�WKDW����SHUFHQW�RI�WKH
WLPH�WKH�VDOLQLW\�LV�OHVV�WKDQ����SSW���

7KH�GDWD�VHW�ZDV�IXUWKHU�EURNHQ�GRZQ�WR�GHILQH�WKH�SHUFHQWLOH�VDOLQLW\�GLVWULEXWLRQ
XQGHU�WKH�YDULRXV�IORZ�FRQGLWLRQV�SUHVHQWHG�LQ�)LJXUH��������([DPLQDWLRQ�RI�WKH�GDWD
VKRZV�WKDW���GLVWLQFW�IORZ�FRQGLWLRQV�H[LVWHG�GXULQJ�RXU�GDWD�FROOHFWLRQ���)URP�-XO\��
WR�6HSWHPEHU����������-XOLDQ�'D\�����WR�������WKH�IORZ�DYHUDJHG�������FXELF�IHHW�SHU
VHFRQG���7KLV�UHSUHVHQWV�W\SLFDO�VXPPHU�JURZLQJ�VHDVRQ�DYHUDJH�IORZ�EDVHG�XSRQ
UHFRUGV�RI�KLVWRULF�IORZV�DW�&O\R���'XULQJ�WKH�VHFRQG�SHULRG��6HSWHPEHU���WR
6HSWHPEHU�����WKH�IORZ�DYHUDJHG�������FXELF�IHHW�SHU�VHFRQG��ZKLFK�LV�UHIOHFWLYH�RI�D
ORZ�IORZ�FRQGLWLRQ���([DPLQLQJ�WKH�HQWLUH�GDWD�VHW�VKRZHG�DQ�DYHUDJH�IORZ�RI������
FXELF�IHHW�SHU�VHFRQG���,Q�JHQHUDO��HDFK�RI�WKH���GDWD�VHWV�ZDV�ORQJ�HQRXJK�VR�WKDW�WKH
IXOO�VSULQJ�QHDS�F\FOH�RI�WLGH�UDQJHV�ZHUH�H[SHULHQFHG���7KHUHIRUH��VLJQLILFDQW
GLIIHUHQFHV�LQ�WKH�VDOLQLW\�UHJLPHV��GXH�WR�WKH�WLGH�UDQJH�LQIOXHQFHV��DUH�QRW�H[SHFWHG�
�,Q�DGGLWLRQ��WKH�GDWD�GLG�QRW�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�RYHUDOO�PHDQ�ZDWHU
OHYHOV���$OWKRXJK�WKH\�GLG�IOXFWXDWH�RYHU�WKH�WLPH�SHULRG��WKH\�GLG�QRW�DSSHDU�WR�EH
ELDVHG�IURP�RQH�WLPH�SHULRG�WR�DQRWKHU���

)LQDOO\��GLIIHUHQW�HFRORJLFDO�DQG�ELRORJLFDO�LPSDFW�DQDO\VHV�UHTXLUH�GLIIHUHQW
HYDOXDWLRQV�RI�WKH�VDOLQLW\�FRQGLWLRQV���)RU�LQVWDQFH��PDUVK�LPSDFWV�PXVW�EH
HYDOXDWHG�XVLQJ�WKH�VDOLQLW\�FRQFHQWUDWLRQV�RI�WKH�ZDWHUV�IORRGLQJ�LQWR�WKH�PDUVKHV�
WKLV�RFFXUV�GXULQJ�KLJK�WLGH���7KHUHIRUH��LQ�WKH�SHUFHQWLOH�DQDO\VHV�SUHVHQWHG��RQO\
WKH�VDOLQLWLHV�WKDW�RFFXU�ZKHQ�WKH�WLGHV�DUH�RYHU�D�VSHFLILHG�HOHYDWLRQ��WKH�HOHYDWLRQ
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RI�WKH�PDUVKHV��VKRXOG�EH�XVHG���)RU�LQVWUHDP�LPSDFWV�WR�VSHFLHV��WKH�GDWD�RYHU�DOO
WLPH�SHULRGV�LV�UHIOHFWLYH�RI�WKH�VDOLQLW\�FRQFHQWUDWLRQV�WKH�VSHFLHV�H[SHULHQFH���)RU
WKLV�UHSRUW��WKH�PD[LPXP�FDVH�ERWWRP�VDOLQLWLHV�DUH�XVHG�IRU�LQVWUHDP�VSHFLHV
LPSDFWV���

)ROORZLQJ�WKLV�SURWRFRO����VHWV�RI�VDOLQLW\�FRQGLWLRQV�ZHUH�SUHVFULEHG�XQGHU�HDFK�RI
WKH���IORZ�FRQGLWLRQV��������FXELF�IHHW�SHU�VHFRQG��������FXELF�IHHW�SHU�VHFRQG��DQG
������FXELF�IHHW�SHU�VHFRQG���WKHVH�DUH�

• $OO�WLGH�ERWWRP�VDOLQLWLHV��DQG

• +LJK�WLGH�VXUIDFH�VDOLQLWLHV�

$OO�RI�WKH�*3$�VWDWLRQV�KDG�ERWWRP�PRXQWHG�LQVWUXPHQWV��WKHUHIRUH�GHWHUPLQLQJ�WKH
SHUFHQWLOH�GLVWULEXWLRQ�IRU�WKH�DOO�WLGH�ERWWRP�VDOLQLWLHV�ZDV�VWUDLJKW�IRUZDUG���6LQFH
VRPH�RI�WKH�GDWD�VHWV�KDG�JDSV�GXH�WR�LQVWUXPHQW�IDLOXUH�RU�IRXOLQJ��WKH�GDWD�VHWV
ZHUH�H[DPLQHG�LQ�GHWDLO�WR�GHWHUPLQH�LI�VXIILFLHQW�GDWD�ZHUH�PLVVLQJ�WR�SRWHQWLDOO\
ELDV�WKH�SHUFHQWLOH�FDOFXODWLRQV���:KHUH�$70�GHWHUPLQHG�WKDW�ELDV�RI�WKH�GDWD�PD\
H[LVW��WKH\�HOLPLQDWHG�WKRVH�GDWD�SRLQWV�RU�FRUUHFWHG�WKHP�EDVHG�XSRQ�XSVWUHDP�DQG
GRZQVWUHDP�PHDVXUHPHQWV���,Q�DGGLWLRQ��WKH�LQWHQVLYH�V\QRSWLF�GDWD�ZHUH�XVHG�WR
H[DPLQH�WKH�DSSURSULDWHQHVV�RI�WKH�VSDWLDO�GLVWULEXWLRQ��DQG�WR�SURYLGH�DQ\
DGMXVWPHQWV�WR�WKH�SHUFHQWLOH�FDOFXODWLRQV���*LYHQ�WKH�DYDLODEOH�GDWD��WKH���FRQGLWLRQV
GHVFULEHG�DERYH�SURYLGH�WKH�EHVW�UHSUHVHQWDWLRQ�RI�WKH�W\SLFDO�VDOLQLW\�FRQGLWLRQV
WKDW�H[LVW�ZLWKLQ�WKH�HVWXDULQH�V\VWHP�DQG�KRZ�WKRVH�FRQGLWLRQV�FKDQJH�ZLWK�IORZ��
7KH\�LQFOXGH�WKH�FKDQJHV�WKDW�RFFXU�WKURXJK�WKH�VSULQJ�QHDS�WLGDO�F\FOH��DV�ZHOO�DV
W\SLFDO�IOXFWXDWLRQV�LQ�WKH�RIIVKRUH�PHDQ�ZDWHU�OHYHO���7KH�GDWD�LQ�6HSWHPEHU��WKH
ORZ�IORZ�SHULRG��VKRXOG�UHIOHFW�KLJKHU�PHDQ�ZDWHU�OHYHO�FRQGLWLRQV��JLYHQ�WKH
W\SLFDOO\�KLJK�PHDQ�ZDWHU�OHYHOV�LQ�6HSWHPEHU�

8VLQJ�WKH�DYDLODEOH�GDWD��WKH�ORQJLWXGLQDO�GLVWULEXWLRQV�RI�WKH���WK�DQG���WK
SHUFHQWLOHV�IRU�VDOLQLW\�ZHUH�GHYHORSHG�IRU�WKH�ERWWRP�VDOLQLWLHV���7KH���WK
SHUFHQWLOHV�DUH�SUHVHQWHG�WR�SURYLGH�D�UHSUHVHQWDWLRQ�RI�WKH�PHGLDQ�VDOLQLW\
FRQFHQWUDWLRQV�WR�ZKLFK�WKH�VSHFLHV�DUH�H[SRVHG��ZKLOH�WKH���WK�SHUFHQWLOH�EHWWHU
UHSUHVHQWV�WKH�XSSHU�UDQJH�RI�WKH�FRQGLWLRQV�WKH\�H[SHULHQFH���7KH�FRPSOHWH
FXPXODWLYH�SHUFHQWV�DUH�SUHVHQWHG�LQ�WDEOHV�ZLWKLQ�D�VHSDUDWH�UHSRUW�WLWOHG
+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\��-XO\�
6HSWHPEHU������

)LJXUHV������WR������SUHVHQW�ORQJLWXGLQDO�SURILOHV�E\�ULYHU�PLOH�RI�WKH���WK�DQG���WK
SHUFHQWLOHV�IRU�WKH�VDOLQLW\�XQGHU�WKH�IORZ�FRQGLWLRQV�GHVFULEHG�DERYH���7KH�UHVXOWV
DUH�SUHVHQWHG�PRYLQJ�IURP�)RUW�3XODVNL�XS�WKH�)URQW�5LYHU�WR�50�����)URQW�5LYHU�RQ
3ORW���IURP�)RUW�3XODVNL�XS�WKH�)URQW�5LYHU�WR�ZKHUH�WKH�0LGGOH�5LYHU�PHHWV�WKH
)URQW�5LYHU�WKHQ�XS�WKH�0LGGOH�5LYHU��)URQW�5LYHU�WR�0LGGOH�5LYHU�RQ�3ORW���IURP
)RUW�3XODVNL�XS�WKH�)URQW�5LYHU�WR�)RUW�-DFNVRQ��WKHQ�XS�WKH�%DFN�5LYHU�DQG�/LWWOH
%DFN�5LYHU��)URQW�5LYHU�WR�%DFN�5LYHU�WR�/LWWOH�%DFN�5LYHU�RQ�3ORW����7DEOHV����
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WKURXJK�����SUHVHQW�WKH�FDOFXODWHG���WK�DQG���WK�SHUFHQWLOHV�IRU�HDFK�VWDWLRQ�DORQJ
ZLWK�WKH�PHDQ��PLQLPXP��PD[LPXP��DQG�VWDWLRQ�ORFDWLRQ�E\�ULYHU�PLOH�
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7DEOH�����6DOLQLW\�'DWD�IRU�(QWLUH�7LGH���'D\�����WR�'D\�����

)ORZ�$YHUDJH� �������FIV
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&RPSDULVRQ�RI�WKH�SORWV�DQG�WDEXODWHG�UHVXOWV�VKRZV�D�JHQHUDO�VKLIW�LQ�WKH
SHUFHQWLOHV�WR�PRUH�VDOLQH�FRQGLWLRQV�XQGHU�ORZHU�IORZV���,Q�DGGLWLRQ��WKH�GDWD�VKRZ
WKDW�VDOLQLW\�FRQGLWLRQV�DUH�VLPLODU�LQ�WKH�XSSHU�SRUWLRQV�RI�WKH�)URQW�DQG�0LGGOH
5LYHUV��ZLWK�OHYHOV�KLJKHU�DW�WLPHV�LQ�WKH�0LGGOH�5LYHU�DW�WKH�VDPH�ULYHU�PLOH���7KH
/LWWOH�%DFN�5LYHU�VKRZV�FRQVLVWHQWO\�ORZHU�RYHUDOO�VDOLQLWLHV��DV�H[SHFWHG���

7KHVH�GDWD�DUH�XVHG�WR�GHILQH�WKH�SUHVHQW�VDOLQLW\�FRQGLWLRQV�XQGHU�ZKLFK�PDUVK�DQG
ILVK�VSHFLHV�WKURXJKRXW�WKH�V\VWHP�UHVLGH���,Q�DGGLWLRQ��WKHVH�GDWD�ZHUH�FRUUHODWHG
ZLWK�WKH�SUHVHQW�GLVWULEXWLRQ�RI�PDUVK�YHJHWDWLRQ�LQ�WKH�V\VWHP�DQG�WKH�UHVXOWV
VKRZHG�H[FHOOHQW�FRUUHODWLRQ�EHWZHHQ�WKH�������FXELF�IHHW�SHU�VHFRQG�JURZLQJ
VHDVRQ�DYHUDJH�DQG�WKH�SUHVHQW��GLVWULEXWLRQ���7KLV�SURYLGHV�IXUWKHU�FRQILGHQFH�LQ
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WKH�XVH�RI�WKHVH�GDWD�DV�WKH�EDVHOLQH�IRU�SURMHFWLQJ�IXWXUH�LPSDFWV�RI�WKH�SURSRVHG
KDUERU�GHHSHQLQJ�

,Q�HYDOXDWLQJ�LPSDFWV�WR�PDUVK�YHJHWDWLRQ��WKH�KLJK�WLGH�VXUIDFH�VDOLQLWLHV�DW�HDFK
VWDWLRQ�ZHUH�GHWHUPLQHG�XVLQJ�WKH�FRQWLQXRXV�PHDVXUHPHQWV��WKH�V\QRSWLF�SURILOLQJ�
DQG�WKH�PDUVK�VDOLQLW\�PHDVXUHPHQWV���$V�GLVFXVVHG�HDUOLHU��WKH�RQO\�VWDWLRQV�ZKHUH
WKH�VXUIDFH�VDOLQLWLHV�ZHUH�PHDVXUHG�ZHUH�*3$�����*3$�����*3$�����DQG�*3$�����
7KH�UHPDLQLQJ�VWDWLRQV�PHDVXUHG�ERWWRP�VDOLQLW\���7KH�H[WUDSRODWLRQ�RI�WKH�ERWWRP
VDOLQLWLHV�WR�VXUIDFH�SHUFHQWLOHV�UHTXLUHV�FRPSDULVRQ�RI�WKH�YHUWLFDO�SURILOHV�WDNHQ
GXULQJ�WKH���V\QRSWLFV��DORQJ�ZLWK�WKH�YHUWLFDO�SURILOHV�WDNHQ�DW�HDFK�VWDWLRQ�GXULQJ
LQVWUXPHQW�VHUYLFLQJ��DSSUR[LPDWHO\�ZHHNO\�SURILOHV����,Q�DGGLWLRQ����ORFDWLRQV
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WKH�PHDVXUHG�PDUVK�VDOLQLWLHV�ZLWK�WKH�ERWWRP�VDOLQLWLHV�PHDVXUHG�DW�QHDUE\
VWDWLRQV���7KH�UHVXOWV�VXSSRUW�WKH�H[WUDSRODWLRQ�RI�ERWWRP�VDOLQLWLHV�WR�PDUVK
VDOLQLWLHV���,Q�WKH�/LWWOH�%DFN�5LYHU��VWUDWLILFDWLRQ�GLG�QRW�DSSHDU�WR�EH�RFFXUULQJ��DV
WKH�ERWWRP�VDOLQLWLHV�GLUHFWO\�FRUUHODWH�ZLWK�WKH�PDUVK�VDOLQLWLHV���,Q�WKH�0LGGOH
5LYHU��WKH�GDWD�DSSHDUV�WR�VKRZ�DQ�RYHUDOO�VOLJKW�VWUDWLILFDWLRQ���7KHVH�GLIIHUHQFHV�DUH
DFFRXQWHG�IRU�LQ�WKH�SURGXFWLRQ�RI�WKH�FDOFXODWHG�KLJK�WLGH�VXUIDFH�VDOLQLWLHV��DQG
WKHUHIRUH��UHSUHVHQW�UHDVRQDEOH�WR�FRQVHUYDWLYH�HVWLPDWHV�RI�WKH�H[LVWLQJ�VDOLQLWLHV
WKDW�LQXQGDWH�WKH�PDUVKHV���%DVHG�XSRQ�WKH�PDUVK�VDOLQLW\�GDWD��WKH�XVH�RI�KLJK�WLGH
VXUIDFH�ZDWHU�VDOLQLWLHV�DV�D�SURMHFWLRQ�RI�WKH�VDOLQLWLHV�WKDW�GHILQH�WKH�GLVWULEXWLRQ�RI
PDUVK�VSHFLHV�LV�DFFXUDWH�WR�FRQVHUYDWLYH���7KLV�DJUHHV�ZLWK�WKH�ILQGLQJV�RI�D
SUHYLRXV�VWXG\�FRQGXFWHG�WR�HYDOXDWH�LPSDFWV�WR�WKH�PDUVK�YHJHWDWLRQ�LQ�WKH
SUHYLRXV�GHHSHQLQJ��3HDUOVWLQH�HW�DO���������

7KH�KLJK�WLGH�VDOLQLW\�YDOXHV�ZHUH�H[WUDFWHG�IURP�WKH�GDWD�VHW�E\�GHILQLQJ�DQ
HOHYDWLRQ�DW�ZKLFK�WKH�PDUVKHV�ZHUH�LQXQGDWHG���7KHVH�YDOXHV�ZHUH�GHWHUPLQHG
IURP�VXUYH\V�WDNHQ�E\�$70�LQ�WKH�)DOO�RI��������$V�HDFK�VWDWLRQ�KDG�D�FRQWLQXRXV
ZDWHU�VXUIDFH�HOHYDWLRQ�UHFRUG�DVVRFLDWHG�ZLWK�WKH�VDOLQLWLHV��LW�ZDV�VLPSOH�WR�H[WUDFW
RQO\�WKRVH�VDOLQLW\�PHDVXUHPHQWV�WKDW�RFFXUUHG�ZKHQ�WKH�ZDWHU�VXUIDFH�ZDV�DERYH
WKH�SUHVFULEHG�HOHYDWLRQ���8VLQJ�WKLV�PHWKRG��WKH�GDWD�VHWV�IRU�KLJK�WLGH�SHUFHQWLOHV
ZHUH�JHQHUDWHG�

)LJXUHV������WR������SUHVHQW�WKH�ORQJLWXGLQDO�SURILOHV�RI�WKH���WK�DQG���WK�SHUFHQWLOHV
IRU�WKH�KLJK�WLGH�VXUIDFH�VDOLQLWLHV���7KH�H[WUDSRODWHG�QXPEHUV�DUH�LGHQWLILHG�ZLWKLQ
WKH�SORWV���7DEOHV������WKURXJK������SUHVHQW�WKH�FDOFXODWHG�SHUFHQWLOHV�DORQJ�ZLWK�WKH
PHDQ��PLQLPXP��PD[LPXP��DQG�VWDWLRQ�ORFDWLRQ�E\�ULYHU�PLOH���$V�ZLWK�WKH�ERWWRP
VDOLQLWLHV��WKH�KLJK�WLGH�VXUIDFH�VDOLQLWLHV�VKRZ�WKDW�WKH�VDOLQLW\�FRQFHQWUDWLRQV
LQFUHDVH�ZLWK�ORZHU�IORZV���,Q�FRPSDULVRQ�ZLWK�WKH�ERWWRP�VDOLQLWLHV��WKH�VXUIDFH
KLJK�WLGH�VDOLQLW\�YDOXHV�GR�QRW�VKRZ�DV�ODUJH�D�YDULDWLRQ�EHWZHHQ�WKH�/LWWOH�%DFN
5LYHU�DQG�WKH�)URQW�5LYHU���7KLV�LQGLFDWHV�WKDW�VDOLQLW\�OHYHOV�XS�WKH�%DFN�5LYHU�
0LGGOH�5LYHU��DQG�/LWWOH�%DFN�5LYHU�DUH�PRUH�FORVHO\�UHODWHG�WR�WKH�VXUIDFH�YDOXHV
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7KH�GHJUHH�RI�VWUDWLILFDWLRQ�ZLWKLQ�WKH�HVWXDU\�SOD\V�D�VLJQLILFDQW�UROH�LQ�WKH�VDOLQLW\
LQWUXVLRQ���$QDO\VLV�RI�WKH�KLVWRULF�GDWD�VKRZV�WKDW�DIWHU�WKH�GHFRPPLVVLRQLQJ�RI�WKH
WLGH�JDWH��WKH�PD[LPXP�VDOLQLW\�LQWUXVLRQ�DORQJ�WKH�)URQW�5LYHU�RFFXUUHG�SULPDULO\
GXULQJ�QHDS�WLGH�FRQGLWLRQV��DV�FRPSDUHG�WR�PD[LPXPV�GXULQJ�VSULQJ�WLGH
FRQGLWLRQV�SULRU�WR�WKH�GHFRPPLVVLRQLQJ���2QH�SRWHQWLDO�FDXVH�IRU�WKLV�LV�WKH
UHGXFWLRQ�LQ�WKH�YHORFLWLHV�DORQJ�WKH�)URQW�5LYHU�DERYH�)RUW�-DFNVRQ�GXULQJ�HEELQJ
WLGH�IROORZLQJ�WKH�GHFRPPLVVLRQLQJ���7KH�YHUWLFDO�WXUEXOHQFH�LV�GLUHFWO\�SURSRUWLRQDO
WR�WKH�WLGDO�YHORFLWLHV��DQG�D�UHGXFWLRQ�LQ�WKH�IORZV�FUHDWHV�DQ�DVVRFLDWHG�UHGXFWLRQ�LQ
WXUEXOHQW�PL[LQJ���7KHUHIRUH��GXULQJ�QHDS�WLGH�FRQGLWLRQV��WKH�VDOLQLW\�JUDGLHQW�LV
DEOH�WR�IRUP�PRUH�IXOO\�DQG�LQWUXGH�IXUWKHU�LQWR�WKH�V\VWHP���7KLV�PD\�KDYH�DOVR
EHHQ�RFFXUULQJ�ZKHQ�WKH�WLGH�JDWH�ZDV�LQ�RSHUDWLRQ��EXW�OHVV�IUHTXHQWO\�DQG�XQGHU
PRUH�H[WUHPH�QHDS�WLGHV�

)LJXUH������SUHVHQWV�GDWD�IURP�WKH�)RUW�-DFNVRQ�6WDWLRQ��*3$�����50�������7KH�GDWD
VKRZ�WKH�VXUIDFH�DQG�ERWWRP�VDOLQLWLHV�SORWWHG�YHUVXV�WKH�WLGH�UDQJH���7KH�GDWD�VKRZ
WKH�VWUDWLILFDWLRQ�DQG�GHVWUDWLILFDWLRQ�GXULQJ�QHDS�DQG�VSULQJ�WLGHV�WKDW�RFFXUUHG
IURP�-XO\����WR�-XO\������������7KLV�IXUWKHU�VXSSRUWV�WKH�DVVHUWLRQ�WKDW�WKH�LQWUXVLRQ
OHYHOV��ZKLFK�ZHUH�PHDVXUHG�GXULQJ�QHDS�WLGHV�RQ�WKH�)URQW�5LYHU��DUH�D�IXQFWLRQ�RI
WKH�LQFUHDVHG�VWUDWLILFDWLRQ�

8VLQJ�WKH�FRQWLQXRXV�GDWD�VHWV��WKH�ORQJLWXGLQDO�SURILOH�RI�VDOLQLW\�ZDV�H[DPLQHG�WR
GHWHUPLQH�WKH�GHJUHH�RI�VWUDWLILFDWLRQ�DORQJ�WKH�)URQW�5LYHU�ZLWKLQ�WKH�QDYLJDWLRQ
FKDQQHO���7KH�GDWD�IURP�VWDWLRQV�ZKLFK�KDG�VXUIDFH�DQG�ERWWRP�PHWHUV�ZHUH
H[DPLQHG�DQG�WKH�PD[LPXP�GHJUHH�RI�VWUDWLILFDWLRQ�ZDV�GHILQHG�XQGHU�VSULQJ�DQG
QHDS�WLGH�FRQGLWLRQV���)LJXUH������SUHVHQWV�D�ORQJLWXGLQDO�SURILOH�VKRZLQJ�WKH�GHJUHH
RI�VXUIDFH�WR�ERWWRP�VWUDWLILFDWLRQ��L�H���WKH�VDOLQLW\�GLIIHUHQFH�IURP�VXUIDFH�WR�ERWWRP
LQ�SSW��E\�ULYHU�PLOH�DORQJ�WKH�PDLQWDLQHG�SRUWLRQV�RI�WKH�)URQW�5LYHU���7KHVH�GDWD
UHSUHVHQW�WKH�OHYHOV�RI�VWUDWLILFDWLRQ�WKURXJKRXW�WKH�SHULRG�RI�WKH�LQWHQVLYH
PRQLWRULQJ���7KH�GDWD�FOHDUO\�VKRZ�LQFUHDVHG�VWUDWLILFDWLRQ�GXULQJ�QHDS�WLGH�ZKHQ
FRPSDUHG�WR�VSULQJ�WLGH���,Q�DGGLWLRQ��WKH�OHYHOV�RI�VWUDWLILFDWLRQ�GHFUHDVH�ZKHQ
PRYLQJ�XSULYHU���7KLV�LV�H[SHFWHG��JLYHQ�WKDW�WKH�RYHUDOO�PDJQLWXGH�RI�WKH�VDOLQLW\
DOVR�GHFUHDVHV�PRYLQJ�XSULYHU�

7KH�DQDO\VHV�RI�WKH�FRQWLQXRXV�GDWD�LGHQWLILHG�WKH�KLJKHU�OHYHOV�RI�VDOLQLW\�ZLWKLQ�WKH
0LGGOH�5LYHU�LQ�FRPSDULVRQ�ZLWK�WKH�/LWWOH�%DFN�5LYHU���7KHVH�KLJKHU�VDOLQLWLHV
DSSHDU�WR�EH�WUDQVSRUWHG�GLUHFWO\�IURP�WKH�)URQW�5LYHU�LQWR�0LGGOH�5LYHU�WKURXJK�WKH
FRQQHFWLRQ�DW�50����LPPHGLDWHO\�QRUWK�RI�+XWFKLQVRQ�,VODQG��XSSHU�HQG�RI
'LVSRVDO�$UHD��$����6LQFH�WKH�FORVXUH�RI�1HZ�&XW��WKH�RQO\�UHPDLQLQJ�FRQQHFWLRQ
EHWZHHQ�WKH�0LGGOH�5LYHU�DQG�WKH�/LWWOH�%DFN�5LYHU�VRXWK�RI�WKHLU�VSOLW�QHDU
0F&RRPV�&XW�LV�5LIOH�&XW��ORFDWHG�MXVW�XSULYHU�RI�*HRUJLD�+LJKZD\������6WDWLRQ
*3$����KDG�D�FRQWLQXRXV�FRQGXFWLYLW\�JDJH�WKDW�RSHUDWHG�IRU�D�OLPLWHG�SHULRG�RI
WLPH�GXULQJ�WKH�LQWHQVLYH�PRQLWRULQJ�HIIRUW���6DOLQLW\�YDOXHV�FDOFXODWHG�IURP�WKHVH
GDWD�LGHQWLILHG�LQFUHDVHV�LQ�VDOLQLW\�FRQFHQWUDWLRQV�ZLWKLQ�WKH�/LWWOH�%DFN�5LYHU
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UHVXOWLQJ�IURP�IORZV�IURP�WKH�0LGGOH�5LYHU�WKURXJK�5LIOH�&XW���%DVHG�XSRQ�WKH�GDWD
IURP�WKH�86*6�JDXJH�DW�WKH�86):6�'RFN��WKHVH�LPSDFWV�DSSHDU�WR�EH�ORFDOL]HG�WR
WKH�LPPHGLDWH�DUHD�RI�WKH�HQWUDQFH�WR�5LIOH�&XW���

7KH�DQDO\VHV�SHUIRUPHG�XSRQ�WKH�H[LVWLQJ�GDWD��TXDQWLILHG�WKH�SUHVHQW�VDOLQLW\
GLVWULEXWLRQ�ZLWKLQ�WKH�V\VWHP�DQG�LGHQWLILHG�VRPH�NH\�FKDUDFWHULVWLFV���7KHVH
FKDUDFWHULVWLFV�DUH�WKH�GULYLQJ�IDFWRUV�WKDW�VKDSH�WKH�VDOLQLW\�GLVWULEXWLRQ�ZLWKLQ�WKH
HVWXDU\�DV�LW�VWDQGV�WRGD\���6RPH�RI�WKH�PRUH�LPSRUWDQW�FKDUDFWHULVWLFV�UHODWLYH�WR
SRWHQWLDO�HFRORJLFDO�LPSDFWV�IURP�WKH�SURSRVHG�KDUERU�GHHSHQLQJ�DUH�DV�IROORZV�

7KH�VWUDWLILFDWLRQ�GHVWUDWLILFDWLRQ�DORQJ�WKH�PDLQWDLQHG�SRUWLRQ�RI�WKH�)URQW�5LYHU
DQG�WKH�UHVXOWLQJ�XSVWUHDP�VDOLQLW\�LQWUXVLRQ�XQGHU�PRUH�VWUDWLILHG�FRQGLWLRQV�

7KH�LQFUHDVHG�VXUIDFH�VDOLQLW\�FRQFHQWUDWLRQV�XS�WKH�0LGGOH�5LYHU�LQ�UHODWLRQ�WR�WKH
/LWWOH�%DFN�5LYHU�GXH�WR�WKH�GLUHFW�FRQQHFWLRQ�ZLWK�WKH�)URQW�5LYHU�MXVW�XSVWUHDP�RI
+XWFKLQVRQ�,VODQG��XSSHU�HQG�RI�'LVSRVDO�$UHD��$���DQG

7KH�WUDQVSRUW�RI�KLJKHU�VDOLQLW\�ZDWHUV�IURP�0LGGOH�5LYHU�WR�/LWWOH�%DFN�5LYHU
WKURXJK�5LIOH�&XW�DQG�WKH�DVVRFLDWHG�ORFDOL]HG�LPSDFWV�WR�VDOLQLWLHV�

,Q�GHYHORSPHQW�RI�WKH�K\GURG\QDPLF�VDOLQLW\�PRGHO��RQH�IRFXV�ZDV�WR�FDSWXUH�WKHVH
NH\�FKDUDFWHULVWLFV���7KH�DELOLW\�RI�WKH�PRGHO�WR�GR�VR�SURYLGHV�FRQILGHQFH�WKDW�WKH
FULWLFDO�SK\VLFV�RI�WKH�HVWXDU\·V�K\GURG\QDPLF�V\VWHP�DUH�LQFOXGHG�DQG��WKHUHIRUH�
LQDSSURSULDWH�LPSDFW�SURMHFWLRQV�ZRXOG�QRW�EH�PDGH�ZKHQ�FRPSDULQJ�WKH�SUH�
YHUVXV�SRVW�SURMHFW�PRGHO�VLPXODWLRQV�

����� 3UHVHQW�'LVVROYHG�2[\JHQ��'2��&RQGLWLRQV

$70�FRQGXFWHG�DQ�LQWHQVLYH�ILHOG�PRQLWRULQJ�SURJUDP�WR�TXDQWLI\�LQ�GHWDLO�WKH�'2
FRQGLWLRQV�ZLWKLQ�WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\���7KHVH�GDWD�ZHUH�FROOHFWHG�WR
VXSSRUW�GHYHORSPHQW�RI�D�VLPSOLILHG���GLPHQVLRQDO�'2�PRGHO���$�GHWDLOHG
GRFXPHQWDWLRQ�RI�WKH�PHWKRGRORJLHV�XVHG��WKH�ORFDWLRQV�RI�VWDWLRQV��WKH�GDWD
FROOHFWHG��DQG�ILQGLQJV�IURP�WKH�LQWHQVLYH�ILHOG�PRQLWRULQJ�SURJUDP�DUH�SUHVHQWHG�LQ
D�VHSDUDWH�YROXPH�SUHSDUHG�E\�$70�WLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\
0RQLWRULQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\��-XO\�6HSWHPEHU��������7KH�IROORZLQJ
VXPPDUL]HV�VRPH�JHQHUDO�ILQGLQJV�IURP�WKH�'2�GDWD�SUHVHQWHG�ZLWKLQ�WKDW�UHSRUW��

7KH�GLVVROYHG�R[\JHQ�GDWD�FROOHFWHG�XQGHU�WKH�PRQLWRULQJ�SURJUDP�IDOOV�LQWR��
FDWHJRULHV���FRQWLQXRXV�LQ�VLWX�GDWD��DQG�GLVFUHWH�V\QRSWLF�GDWD���7KH�FRQWLQXRXV�LQ�
VLWX�GDWD�FRQVLVW�RI�SHUPDQHQWO\�PRXQWHG�VWDWLRQV�WKDW�UHFRUGHG�'2�DQG�SHUFHQW
VDWXUDWLRQ�DW����PLQXWH�LQWHUYDOV�RYHU�WKH�HQWLUH�PRQLWRULQJ�SHULRG���)LJXUH�����
VKRZV�WKH�ORFDWLRQV�RI�WKH�VWDWLRQV�WKURXJKRXW�WKH�V\VWHP�ZLWK�WKH�SDUDPHWHUV
PHDVXUHG�DQG�WKH�SRVLWLRQ�RI�WKH�LQVWUXPHQWV�RYHU�WKH�ZDWHU�FROXPQ���7KH�VWDWLRQV
ZLWKLQ�WKH�QDYLJDWLRQ�FKDQQHO�JHQHUDOO\�UHFRUGHG�VXUIDFH�DQG�ERWWRP
FRQFHQWUDWLRQV��ZKLOH�WKRVH�RXWVLGH�RI�WKH�FKDQQHO�UHFRUGHG�QHDU�ERWWRP
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FRQFHQWUDWLRQV���7KH�LQVWUXPHQWV�ZHUH�SODFHG�QHDU�WKH�ERWWRP�LQ�WKH�UHDFKHV�RXWVLGH
RI�WKH�FKDQQHO�WR�REWDLQ�WKH�PD[LPXP�FDVH�FRQGLWLRQV�RI�'2���

7KH�V\QRSWLF�GDWD�FRQVLVWHG�RI����VWDWLRQV��ZKLFK�ZHUH�PRQLWRUHG�LQWHQVLYHO\�IRU���
KRXUV�RQ�WKH�IROORZLQJ�GD\V�

• 6\QRSWLF�����$XJXVW���������

• 6\QRSWLF�����6HSWHPEHU������������

• 6\QRSWLF�����6HSWHPEHU���������

)LJXUHV������D��DQG������E��SUHVHQW�WKH�ORFDWLRQV�RI�WKH�V\QRSWLF�VWDWLRQV���$W�HDFK
VWDWLRQ��YHUWLFDO�SURILOHV�RI�'2�ZHUH�FROOHFWHG�D�PLQLPXP�RI���WLPHV�GXULQJ�WKH
���KRXU�SHULRG���7KH�YHUWLFDO�SURILOHV�ZHUH�VSDFHG�DW���PHWHU�LQWHUYDOV�RYHU�WKH�ZDWHU
FROXPQ�VWDUWLQJ�DW�����PHWHUV���

7R�SURYLGH�EDVHOLQH�GDWD�IRU�XVH�LQ�ELRORJLFDO�DQG�HFRORJLFDO�LPSDFW�DQDO\VHV��LW�ZDV
GHVLUHG�WR�TXDQWLI\�WKH�GLVWULEXWLRQ�RI�'2�WKURXJKRXW�WKH�KDUERU·V�HVWXDULQH�V\VWHP
GXULQJ�WKH�FULWLFDO�ZDUP�VXPPHU�PRQWKV���$V�ZDV�WKH�FDVH�IRU�VDOLQLW\��WKH�KLJKO\
YDULDEOH�QDWXUH�RI�WKH�'2�FRQFHQWUDWLRQV�PDGH�GHWHUPLQDWLRQ�RI�D�VWDWLF
UHSUHVHQWDWLYH�FRQGLWLRQ�XQUHDOLVWLF���8VLQJ�WKH�PHWKRGRORJLHV�GHVFULEHG�LQ�6HFWLRQ
���������$70�GHWHUPLQHG�WKH�FXPXODWLYH�SHUFHQWLOHV�IRU�'2�IURP�WKH�FRQWLQXRXV
GDWD���:KHUHDV�IRU�WKH�VDOLQLW\��WKH�FULWLFDO�YDOXHV�DUH�WKH�KLJKHU�FRQFHQWUDWLRQV��IRU
'2�WKH�FULWLFDO�YDOXHV�DUH�WKH�ORZHU�FRQFHQWUDWLRQV���7KHUHIRUH��LQ�SUHSDULQJ�WKH
SHUFHQWLOHV��WKH���WK�SHUFHQWLOH�UHSUHVHQWV�WKH�YDOXH�IRU�ZKLFK����SHUFHQW�RI�WKH�WLPH
WKH�PHDVXUHG�FRQFHQWUDWLRQV�DUH�DERYH�WKH�SUHVFULEHG�YDOXH���

,Q�DGGLWLRQ�WR�'2��ZDWHU�WHPSHUDWXUHV�ZHUH�DQDO\]HG�WR�SURYLGH�WKH�SHUFHQW
GLVWULEXWLRQ�GXULQJ�WKH�WLPH�SHULRG�ZKHQ�WKH�'2�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG��
7KLV�SURYLGHV�VRPH�PHDVXUH�RI�WKH�WHPSHUDWXUH�OHYHOV�DQG�LGHQWLILHV�VRPH�PRUH
FULWLFDO�WHPSHUDWXUHV�IRU�WKH�'2�LPSDFW�DQDO\VHV���

)LJXUHV������DQG������SUHVHQW�WKH�ORQJLWXGLQDO�SURILOHV�RI�WKH�'2�FRQFHQWUDWLRQV
PRYLQJ�XSULYHU�E\�ULYHU�PLOH���$V�ZDV�SUHVHQWHG�IRU�WKH�VDOLQLW\��WKH�SURILOHV�DUH
GHILQHG�DV�IROORZV�

• IURP�)RUW�3XODVNL��50������XS�WKH�)URQW�5LYHU�WR�50����

• XS�WKH�)URQW�5LYHU��WKHQ�XS�WKH�0LGGOH�5LYHU��DQG

• XS�WKH�)URQW�5LYHU��WKHQ�XS�WKH�%DFN�5LYHU�DQG�/LWWOH�%DFN�5LYHU���

7KH�GDWD�DUH�SUHVHQWHG�DV�VXUIDFH�DQG�ERWWRP�FRQFHQWUDWLRQV�DORQJ�WKH�PDLQWDLQHG
SRUWLRQ�RI�WKH�)URQW�5LYHU�XS�WR�*3$�������3URILOHV�ZLWKLQ�WKH�0LGGOH�5LYHU�DQG�/LWWOH
%DFN�5LYHU�UHSUHVHQW�QHDU�ERWWRP�FRQFHQWUDWLRQV�

$V�ZLWK�WKH�VDOLQLW\�GDWD��JDSV�H[LVWHG�LQ�WKH�PHDVXUHPHQWV�GXH�WR�IRXOLQJ�DQG
LQVWUXPHQW�IDLOXUH���7KH�FRQWLQXRXV�GDWD�ZHUH�DQDO\]HG�LQ�FRQMXQFWLRQ�ZLWK�WKH
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V\QRSWLF�GDWD�WR�ILOO�LQ�JDSV�DQG�DWWHPSW�WR�UHGXFH�DQ\�ELDV�LQ�WKH�UHVXOWV�GXH�WR
PLVVLQJ�GDWD���2QH�DUHD�RI�VSHFLILF�LQWHUHVW��ZKLFK�GLG�QRW�KDYH�D�FRQWLQXRXV
LQVWUXPHQW��ZDV�LQ�WKH�.,7%���6WDWLRQ�*3$����ZDV�ORFDWHG�GRZQVWUHDP�RI�WKH�%DVLQ
DQG�6WDWLRQ�*3$����ZDV�ORFDWHG�XSVWUHDP���9DOXHV�RI�SHUFHQWLOHV�LQ�WKH�.,7%�ZHUH
H[WUDSRODWHG�IURP�WKH�V\QRSWLF�SURILOLQJ�DQG�GR�QRW�UHSUHVHQW�FRPSOHWH�SHUFHQWLOH
DQDO\VHV���$70�GHWHUPLQHG�WKDW�WKLV�VKRXOG�EH�GRQH�WR�UHSUHVHQW�WKH�XQLTXH�GHSWK
DQG�K\GURG\QDPLF�FRQGLWLRQV�WKDW�H[LVW�DW�WKLV�ORFDWLRQ���

)LJXUHV������DQG������LGHQWLI\�WKH�RYHUDOO�'2�FRQGLWLRQV�WKURXJKRXW�WKH�V\VWHP��
7KH�GDWD�VKRZ�LQFUHDVLQJ�OHYHOV�RI�'2�VWUDWLILFDWLRQ�DV�RQH�PRYHV�XS�WKH�V\VWHP��
7KH�ORZHVW�REVHUYHG�YDOXHV�ZHUH�DW�WKH�ERWWRP�RI�WKH�PDLQWDLQHG�FKDQQHO�LQ�WKH
)URQW�5LYHU���6XUIDFH�UHDGLQJV�DORQJ�)URQW�5LYHU�IURP�50����WR�50����VKRZ�ORZHU
FRQFHQWUDWLRQV�WKDQ�GR�WKH�ERWWRP�UHDGLQJV�LQ�WKH�VKDOORZHU�0LGGOH��%DFN��DQG
/LWWOH�%DFN�5LYHUV�RYHU�WKRVH�VDPH�ULYHU�PLOH�GLVWDQFHV�

)LJXUHV������DQG������SUHVHQW�VLPLODU�DQDO\VHV�IRU�WHPSHUDWXUH���7KH�GDWD�VKRZ�D
JHQHUDO�JUDGLHQW�RI�GHFUHDVLQJ�WHPSHUDWXUH�PRYLQJ�XSVWUHDP�ZLWK���WK�SHUFHQWLOHV
UDQJLQJ�IURP������WR�����°)�������WR������°&����7KHVH�FULWLFDO�WHPSHUDWXUHV�DUH�XVHG�LQ
WKH�LPSDFW�DQDO\VHV�PRGHO�VLPXODWLRQV�IRU�'2�SUHVHQWHG�LQ�6HFWLRQ�������

)LJXUH������SUHVHQWV�WKH�UHSUHVHQWDWLYH�OHYHOV�RI�VWUDWLILFDWLRQ�DV�D�IXQFWLRQ�RI�ULYHU
PLOH�DORQJ�WKH�)URQW�5LYHU���7KH�GDWD�FRUUHODWH�ZLWK�WKH�UHVXOWV�IURP�WKH�VDOLQLW\
VWUDWLILFDWLRQ��)LJXUH���������&RPSDULVRQ�RI�VSULQJ�WR�QHDS�WLGHV�VKRZV�WKDW�GXULQJ
QHDS�WLGH�FRQGLWLRQV��ZKHQ�GHQVLW\�VWUDWLILFDWLRQ�LV�KLJKHU��'2�VWUDWLILFDWLRQ�DOVR
LQFUHDVHV���2QH�LQWHUHVWLQJ�UHVXOW�LV�WKDW�WKH�ORQJLWXGLQDO�GHJUHH�RI�'2�VWUDWLILFDWLRQ
LQFUHDVHV�PRYLQJ�XSULYHU�ZKLOH�WKH�GHJUHH�RI�GHQVLW\�VWUDWLILFDWLRQ�GHFUHDVHV��
7KHUHIRUH��FRQGLWLRQV�RWKHU�WKDQ�WKH�GHJUHH�RI�GHQVLW\�VWUDWLILFDWLRQ�PXVW�SOD\�VRPH
UROH�LQ�WKH�'2�VWUDWLILFDWLRQ�PRYLQJ�XSULYHU�

����� 6RXWK�&DUROLQD�6WDQGDUGV

6RXWK�&DUROLQD��E\�DPHQGPHQW�WR�LWV�:DWHU�&ODVVLILFDWLRQV�DQG�6WDQGDUGV�
5HJXODWLRQ��������GDWHG�0D\�����������KDV�FODVVLILHG�WKH�SRUWLRQ�RI�6DYDQQDK�+DUERU
ZLWKLQ�LWV�ERXQGDULHV�XSVWUHDP�IURP�)RUW�3XODVNL�WR�WKH�6HDERDUG�&RDVWOLQH�5DLOURDG
DV�&ODVV�6%���7KH�SRUWLRQ�RFHDQZDUG�LV�FODVVLILHG�DV�&ODVV�6$�ZDWHUV���&ODVV�6%�LV
GHILQHG�DV�WLGDO�VDOWZDWHUV�VXLWDEOH�IRU�SULPDU\�DQG�VHFRQGDU\�FRQWUDFW�UHFUHDWLRQ�
FUDEELQJ��DQG�ILVKLQJ��H[FHSW�KDUYHVWLQJ�RI�FODPV��PXVVHOV��RU�R\VWHUV�IRU�PDUNHW
SXUSRVHV�RU�KXPDQ�FRQVXPSWLRQ���7KHVH�ZDWHUV�DUH�DOVR�VXLWDEOH�IRU�WKH�VXUYLYDO
DQG�SURSDJDWLRQ�RI�D�EDODQFHG�LQGLJHQRXV�DTXDWLF�FRPPXQLW\�RI�PDULQH�IDXQD�DQG
IORUD���&ODVV�6$�LV�GHILQHG�DV�WLGDO�VDOWZDWHUV�VXLWDEOH�IRU�SULPDU\�DQG�VHFRQGDU\
FRQWDFW�UHFUHDWLRQ����6XLWDEOH�DOVR�IRU�XVHV�OLVWHG�LQ�&ODVV�6%��ZLWK�WKH�VDPH�H[FHSWLRQ�
�8SVWUHDP�RI�WKH�6HDERDUG�&RDVWOLQH�5DLOURDG�LV�FODVVLILHG�DV�):��ZKLFK�LV�GHILQHG
DV�IUHVKZDWHUV�VXLWDEOH�IRU�SULPDU\�DQG�VHFRQGDU\�FRQWDFW�UHFUHDWLRQ��DQG�DV�D
VRXUFH�IRU�GULQNLQJ�ZDWHU�VXSSO\�DIWHU�FRQYHQWLRQDO�WUHDWPHQW�LQ�DFFRUGDQFH�ZLWK
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WKH�UHTXLUHPHQWV�RI�WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�+HDOWK�DQG�(QYLURQPHQWDO
&RQWURO���7KHVH�ZDWHUV�DUH�VXLWDEOH�IRU�ILVKLQJ�DQG�WKH�SURSDJDWLRQ�RI�D�EDODQFHG
LQGLJHQRXV�DTXDWLF�FRPPXQLW\�RI�IDXQD�DQG�IORUD���):�ZDWHUV�DUH�DOVR�VXLWDEOH�IRU
LQGXVWULDO�DQG�DJULFXOWXUDO�XVHV�

����� *HRUJLD�6WDQGDUGV

7KH�6WDWH�RI�*HRUJLD��WKURXJK�LWV�5XOHV�DQG�5HJXODWLRQV�IRU�:DWHU�4XDOLW\�&RQWURO�
&KDSWHU����������5HYLVHG�0D\�����������KDV�FODVVLILHG�6DYDQQDK�5LYHU�IURP�5LYHU
0LOH���DW�)RUW�3XODVNL�WR�WKH�RSHQ�VHD��LQFOXGLQJ�WKH�OLWWRUDO�ZDWHUV�RI�7\EHH�,VODQG�
DV�UHFUHDWLRQ�ZDWHUV���)URP�)RUW�3XODVNL�WR�0LOH�������6HDERDUG�&RDVWOLQH�5DLOURDG
%ULGJH���WKH�ULYHU�LV�FODVVLILHG�DV�&RDVWDO�)LVKLQJ��ZLWK�D�VXPPHUWLPH�PLQLPXP�'2
VWDQGDUG�RI���PJ�O���86(3$�KDV�QRW�DFFHSWHG�WKLV�VWDQGDUG�DQG�LV�SODQQLQJ�WR
SHUIRUP�D�XVH�DWWDLQDELOLW\�DQDO\VLV�LQ�WKH�IXWXUH���7KH�*$�'15��:DWHU�4XDOLW\�LQ
*HRUJLD�������������OLVWV�WKH�KDUERU�IURP�86����WR�6RXWK�&KDQQHO�DV�QRW�IXOO\
VXSSRUWLQJ�WKH�GHVLJQDWHG�XVH�RI�FRDVWDO�ILVKLQJ�GXH�WR�WKH�YLRODWLRQ�RI�IHFDO�FROLIRUP
DQG�FRSSHU���7KH�VRXUFHV�RI�YLRODWLRQ�DUH�XUEDQ�UXQRII�XUEDQ�HIIHFWV�DQG�PXQLFLSDO
IDFLOLWLHV�LQFDSDEOH�RI�SURYLGLQJ�VXIILFLHQWO\�KLJK�TXDOLW\�HIIOXHQW�

����� 6WDWH�:DWHU�4XDOLW\�&HUWLILFDWLRQV

7KH�H[LVWLQJ�6DYDQQDK�+DUERU�)HGHUDO�1DYLJDWLRQ�3URMHFW�KDV�ZDWHU�TXDOLW\
FHUWLILFDWLRQV�IURP�ERWK�*HRUJLD�DQG�6RXWK�&DUROLQD���$Q�DSSOLFDWLRQ�IRU�:DWHU
4XDOLW\�&HUWLILFDWLRQ�IURP�ERWK�WKRVH�VWDWHV�ZLOO�EH�PDGH�IRU�FRQVWUXFWLRQ�DQG
RSHUDWLRQ�RI�WKH�SURSRVHG�KDUERU�LPSURYHPHQW�LQ�DFFRUGDQFH�ZLWK�6HFWLRQ�����RI
WKH�&:$���7KH�6DYDQQDK�'LVWULFW�86$&(�ZLOO�UHTXHVW�FHUWLILFDWLRQ�ZKHQ�LW�UHOHDVHV
WKH�7LHU�,,�(,6�WR�WKH�SXEOLF�

��� $LU�4XDOLW\

7KH�DLU�TXDOLW\�LQ�WKH�KDUERU�DUHD�LV�JHQHUDOO\�JRRG���7KH�DUHD�LV�XQGHU�QR�IHGHUDO�RU
VWDWH�UHVWULFWLRQV�IRU�WKH�SXUSRVH�RI�LPSURYLQJ�DLU�TXDOLW\�RU�PHHWLQJ�DQ\�DLU�TXDOLW\
VWDQGDUG���/RFDO�LQGXVWULHV�KDYH�LPSOHPHQWHG�SURFHVV�LPSURYHPHQWV�RYHU�WKH�ODVW��
WR����\HDUV��ZKLFK�KDYH�VLJQLILFDQWO\�UHGXFHG�WKH�YROXPH�RI�VXEVWDQFHV�HPLWWHG�WR
WKH�DLU���&RQFHUQV�GR�H[LVW�DPRQJ�VRPH�LQ�WKH�FRPPXQLW\�DERXW�WKH�TXDOLW\�RI�WKH
DLU��DQG�D�FRPPXQLW\�JURXS�KDV�DFWLYHO\�SXUVXHG�PHWKRGV�RI�LPSURYLQJ�DLU�TXDOLW\�
�0DULWLPH�LQGXVWULHV�DUH�QRW�PDMRU�DLU�HPLWWHUV��DOWKRXJK�VRPH�LQGXVWULHV�ORFDWHG
DORQJ�WKH�KDUERU�WKDW�GLVFKDUJH�ODUJH�DPRXQWV�RI�VXEVWDQFHV�GR�PRYH�WKHLU�UDZ
PDWHULDOV�RU�SURFHVVHG�JRRGV�WKURXJK�WKH�KDUERU���+DUERU�PDLQWHQDQFH�DFWLYLWLHV�GR
QRW�JHQHUDWH�VLJQLILFDQW�DPRXQWV�RI�DLU�FRQWDPLQDQWV�
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��� 3DVW�,PSURYHPHQWV�DQG�7KHLU�,PSDFW�RQ�([LVWLQJ�5HVRXUFHV

����� )HGHUDO�3URMHFW�,PSURYHPHQWV

3DVW�IHGHUDO�SURMHFWV�JUHDWO\�LQIOXHQFH�WKH�HQYLURQPHQWDO�VHWWLQJ�RI�WKH�SUHVHQW
SURMHFW��VLQFH�WKH\�HVWDEOLVKHG�WKH�DXWKRUL]HG�FKDQQHO�GLPHQVLRQV���&RPPLWPHQWV
PDGH�IRU�WKRVH�SURMHFWV�DUH�VWLOO�DSSOLFDEOH�ZKHQ�����WKH�FRPPLWPHQWV�ZHUH�PDGH�WR
PLWLJDWH�H[SHFWHG�LPSDFWV�IURP�D�SDUWLFXODU�DFWLRQ��RU�����WKH�FRPPLWPHQW�DSSOLHG�WR
IXWXUH�2	0�RI�WKH�1DYLJDWLRQ�3URMHFW���6HYHUDO�RI�WKH�(QYLURQPHQWDO�,PSDFW
6WDWHPHQWV�ZKLFK�DGGUHVVHG�WKHVH�PRGLILFDWLRQV�DUH�DV�IROORZV�

• )LQDO�(,6��6DYDQQDK�+DUERU�6HGLPHQW�%DVLQ�3URMHFW��������

• )LQDO�(,6��6DYDQQDK�+DUERU�:LGHQLQJ�DQG�'HHSHQLQJ��������

• )LQDO�(,6��6DYDQQDK�+DUERU�2SHUDWLRQ�DQG�0DLQWHQDQFH��������

• )LQDO�(,6��6DYDQQDK�+DUERU�:LGHQLQJ�3URMHFW��������

• 0RGLILFDWLRQV�WR�.,7%��������

• )LQDO�(,6��6DYDQQDK�+DUERU�'HHSHQLQJ�3URMHFW���������DQG

• )LQDO�(,6��/RQJ�7HUP�0DQDJHPHQW�6WUDWHJ\�������

$Q�LPSRUWDQW�SUHYLRXV�SURMHFW�WKDW�KDV�GLUHFW�EHDULQJ�RQ�WKH�SUHVHQW�SURMHFW�LV�WKH
FORVXUH�RI�1HZ�&XW�DQG�WKH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�IURP�RSHUDWLRQ���7KHVH
DFWLRQV��ZKLFK�ZHUH�FRPSOHWHG�LQ�������RFFXUUHG�XQGHU�WKH�DXWKRULW\�RI�6HFWLRQ�����
RI�WKH�:DWHU�5HVRXUFHV�'HYHORSPHQW�$FW�RI�������DV�DPHQGHG���7KH�SURMHFW�ZDV
LQWHQGHG�WR�VXEVWDQWLDOO\�UHGXFH�VDOLQLW\�OHYHOV�LQ�%DFN�5LYHU�DQG�HOLPLQDWH�WKH
IOXVKLQJ�RI�VWULSHG�EDVV�HJJV�DQG�ODUYDH�WKURXJK�1HZ�&XW�WR�)URQW�5LYHU��ZKHUH
VXUYLYDO�LV�OHVV�OLNHO\���7KH�SURMHFW�ZDV�DOVR�LQWHQGHG�WR�VORZ�WKH�SDVVDJH�RI�VWULSHG
EDVV�HJJV�DQG�ODUYDH�GRZQ�WKH�%DFN�5LYHU�VR�WKDW�WKH\�FRXOG�FRPSOHWH�WKHLU
GHYHORSPHQW�SULRU�WR�UHDFKLQJ�KLJKHU�VDOLQLWLHV�LQ�WKH�ORZHU�6DYDQQDK�5LYHU�HVWXDU\�

����� 1RQ�)HGHUDO�3URMHFW�,PSURYHPHQWV

,Q�DGGLWLRQ�WR�IHGHUDO�3URMHFWV��WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�LV�DOVR
LQIOXHQFHG�E\�SUHYLRXV�QRQ�IHGHUDO�KDUERU�LPSURYHPHQW�SURMHFWV���'RFN�RZQHUV
KDYH�LQYHVWHG�ODUJH�VXPV�RI�PRQH\�LQ�WKH�ODQGVLGH�LQIUDVWUXFWXUH�DVVRFLDWHG�ZLWK�WKH
1DYLJDWLRQ�3URMHFW���)HDWXUHV�VXFK�DV�VWRUDJH�EXLOGLQJV��PDWHULDO�KDQGOLQJ
HTXLSPHQW��LQFOXGLQJ�FUDQHV�DQG�FRQYH\RU�V\VWHPV��GRFNV��DQG�EHUWKLQJ�DUHDV�DUH
IDFLOLWLHV�ZKLFK�DUH�FRQVWUXFWHG�DQG�PDLQWDLQHG�E\�WKH�GRFN�RZQHUV���7KH�PDQQHU�LQ
ZKLFK�WKRVH�IDFLOLWLHV�DUH�RSHUDWHG�DQG�PDLQWDLQHG�DOVR�LQIOXHQFHV�WKH
HQYLURQPHQWDO�FRQGLWLRQ�RI�WKH�KDUERU���7KH�QRQ�IHGHUDO�VSRQVRU�RI�WKH�6DYDQQDK
+DUERU�1DYLJDWLRQ�3URMHFW��&KDWKDP�&RXQW\��LV�UHVSRQVLEOH�IRU�SURYLGLQJ�DQG
PDLQWDLQLQJ�WKH�&')V���/DQG�SXUFKDVHV�DUH�PDGH��RU�HDVHPHQWV�REWDLQHG��WR�VHFXUH
ODQGV�WR�EH�XVHG�IRU�WKH�SURMHFW���'LNH�LPSURYHPHQW�SURMHFWV�DUH�VFKHGXOHG�DQG
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LPSOHPHQWHG�WR�SURYLGH�VXIILFLHQW�GLVSRVDO�FDSDFLW\�LQ�WKH�GLVSRVDO�DUHDV����:HLUV�DUH
QRUPDOO\�LQVWDOOHG�RU�UHSODFHG�GXULQJ�D�GLNH�LPSURYHPHQW�SURMHFW���8QGHUGUDLQV
ZHUH�LQVWDOOHG�LQ�VRPH�DUHDV�WR�UHGXFH�WKH�GU\LQJ�WLPH�DQG�LQFUHDVH�FRQVROLGDWLRQ�RI
WKH�GHSRVLWHG�PDWHULDO���/DUJH�GLNH�DQG�URDG�PDLQWHQDQFH�DFWLYLWLHV�DUH�VFKHGXOHG
DQG�SHUIRUPHG�ZKHQ�QHHGHG���6PDOOHU�VFDOH�PDLQWHQDQFH�DFWLRQV�DUH�SHUIRUPHG
WKURXJKRXW�WKH�\HDU���5HJXODWRU\�SHUPLWV�DUH�UHTXLUHG�IRU�VRPH�PDLQWHQDQFH�DFWLRQV
DQG�WKH�VSRQVRU�KDV�VRXJKW�DQG�REWDLQHG�WKH�UHTXLUHG�SHUPLWV�

����� 6HFWLRQ������3URMHFW

,Q�������WKH�6DYDQQDK�'LVWULFW�86$&(�FORVHG�1HZ�&XW�DQG�UHPRYHG�WKH�WLGH�JDWH
IURP�RSHUDWLRQ�XQGHU�WKH�DXWKRULW\�RI�6HFWLRQ������RI�WKH�:DWHU�5HVRXUFHV
'HYHORSPHQW�$FW�RI�������DV�DPHQGHG���7KHVH�DFWLYLWLHV�ZHUH�FRPSOHWHG�LQ�������
7KH�SURMHFW�ZDV�LQWHQGHG�WR�VXEVWDQWLDOO\�UHGXFH�VDOLQLW\�OHYHOV�LQ�WKH�%DFN�5LYHU�DQG
HOLPLQDWH�WKH�IOXVKLQJ�RI�VWULSHG�EDVV�HJJV�DQG�ODUYDH�WKURXJK�1HZ�&XW�WR�)URQW
5LYHU��ZKHUH�VXUYLYDO�LV�OHVV�OLNHO\���7KH�SURMHFW�ZDV�DOVR�LQWHQGHG�WR�UHVXOW�LQ�D
VORZHU�SDVVDJH�RI�VWULSHG�EDVV�HJJV�DQG�ODUYDH�GRZQ�WKH�%DFN�5LYHU�VR�WKDW�WKH\
FRXOG�FRPSOHWH�WKHLU�GHYHORSPHQW�SULRU�WR�UHDFKLQJ�KLJKHU�VDOLQLWLHV�LQ�WKH�/RZHU
6DYDQQDK�5LYHU�HVWXDU\�

��� 1HDUVKRUH�(QYLURQPHQW

����� 1HDUVKRUH�7LGHV��&XUUHQWV��DQG�:DYHV

7KH�FRDVWOLQH�LQ�WKH�6DYDQQDK�DUHD�LV�FODVVLILHG�DV�D�PHVRWLGDO�UHJLRQ��L�H���WLGDO
UDQJHV�EHWZHHQ���DQG����IHHW���ZLWK�WLGDO�IOXFWXDWLRQV�DYHUDJLQJ�����IHHW�DW�WKH�PRXWK
RI�WKH�KDUERU��86$&(����������0HVRWLGDO�UHJLRQV�DUH�JHQHUDOO\�PXFK�PRUH�LUUHJXODU
WKDQ�PRVW�PLFURWLGDO�VKRUHOLQHV��EHFDXVH�KLJKHU�WLGHV�VXSSRUW�PRUH�WLGDO�LQOHWV�
PDUVKHV��DQG�WLGDO�IODWV���7KH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ
�12$$��SXEOLVKHG�YDOXHV�RI�WLGDO�FXUUHQWV�LQ�WKH�DUHD�DUH�SUHVHQWHG�LQ�7DEOH������

7DEOH������12$$�3XEOLVKHG�7LGDO�&XUUHQWV

/RFDWLRQ

$YHUDJH
0D[LPXP

)ORRG�&XUUHQW
�NQRWV�

$YHUDJH
0D[LPXP
(EE�&XUUHQW
�NQRWV�

6DYDQQDK�5LYHU��%HWZHHQ�WKH�-HWWLHV ��� ���
6DYDQQDK�5LYHU��)RUW�3XODVNL ��� ���
1HZ�5LYHU��%ORRG\�3RLQW ��� ���
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7KH�ZDYH�FOLPDWH�IRU�WKH�UHJLRQ�ZDV�LQYHVWLJDWHG�XVLQJ�GDWD�IURP�D����\HDU�KLQGFDVW
SHUIRUPHG�E\�WKH�86$&(�:DYH�,QIRUPDWLRQ�6WXG\��:,6��IRU�WKH�8��6��$WODQWLF
&RDVW���7KH�FORVHVW�KLQGFDVW�VWXG\�ORFDWLRQ�LV�6WDWLRQ�����ORFDWHG�DSSUR[LPDWHO\���
PLOHV�HDVW�RI�6DYDQQDK�DW�������1�������:���7KH�VWDWLRQ�LV�ORFDWHG�LQ�DSSUR[LPDWHO\
���IHHW�RI�ZDWHU���7KH�:,6�GDWD�VHW�XVHG�LV�D�WLPH�VHULHV�WKDW�SURYLGHV�VLJQLILFDQW
ZDYH�KHLJKW��SHDN�SHULRG�DQG�SHDN�GLUHFWLRQ�DW�WKUHH�KRXU�LQWHUYDOV�WKURXJKRXW�WKH
���\HDU�VWXG\�SHULRG�IURP������WR��������

7KH�:,6�ZDYH�GDWD�ZDV�VRUWHG�E\����GHJUHH�GLUHFWLRQDO�FRPSDVV�VHFWRUV��ZLWK�GXH
QRUWK�UHSUHVHQWHG�DV���GHJUHHV���6LQFH�WKH�VKRUHOLQHV�LQ�WKH�VWXG\�DUHD�DUH
SUHGRPLQDQWO\�RULHQWHG�LQ�D�QRUWKHDVW²VRXWKZHVW�DOLJQPHQW��WKH�VKRUHOLQHV�DUH
H[SRVHG�WR�ZDYH�HQHUJ\�LQFLGHQW�IURP����GHJUHHV��QRUWKHDVW��WR�����GHJUHHV��VRXWK��
�7KH�SHUFHQW�RFFXUUHQFH�RI�ZDYHV�ZDV�FDOFXODWHG�IRU�HDFK�FRPSDVV�VHFWRU�RI�LQWHUHVW
DQG�LV�SUHVHQWHG�LQ�7DEOH��������

7DEOH������3HUFHQW�RI�:DYHV�3UHGLFWHG�LQ�:,6�6WXG\�E\���°�&RPSDVV�6HFWRU

&RPSDVV�6HFWRU
'LUHFWLRQ��GHJUHHV�

3HUFHQW�2FFXUUHQFH
RI�:DYHV

3HUFHQW�RI�:DYHV
5HDFKLQJ�6KRUHOLQH

�����������1(� ��� ���
������������(� ���� ����
�������������6(� ���� ����
�������������6� ��� ���

727$/ ���� �����

7KH�:,6�GDWD�LQGLFDWH�WKDW������SHUFHQW�RI�DOO�ZDYHV�DUH�SURSDJDWHG�ZLWKLQ�WKHVH
��VHFWRUV���7KH�PDMRULW\�RI�WKHVH�ZDYHV�������SHUFHQW��ZHUH�LQFLGHQW�IURP������WR������
GHJUHHV��HDVW�DQG�VRXWKHDVW�VHFWRUV����7KH�UHPDLQLQJ������SHUFHQW�RI�WKH�WLPH�ZDV
HLWKHU�FDOP��RU�WKH�ZDYHV�ZHUH�RULHQWHG�LQ�WKH�RIIVKRUH�GLUHFWLRQ�DQG�ZHUH�QRW
FDSDEOH�RI�UHDFKLQJ�WKH�VKRUHOLQH��

7KH�3UHOLPLQDU\�&RDVWDO�(URVLRQ�6WXG\�¥�6DYDQQDK�+DUERU�'HHSHQLQJ��$70�������
LQFOXGHG�D�ZDYH�UHIUDFWLRQ�GLIIUDFWLRQ�PRGHO�VWXG\�RI�WKH�6DYDQQDK�UHJLRQ���7KH
ZDYH�VWXG\�VKRZHG�WKDW�'DXIXVNLH�,VODQG��7XUWOH�,VODQG��2\VWHUEHG�,VODQG��DQG
&RFNVSXU�,VODQG�DUH�VKHOWHUHG�IURP�ZDYH�HQHUJ\�E\�7\EHH�,VODQG��+LOWRQ�+HDG
,VODQG��DQG�WKH�H[WHQVLYH�VKRDO�V\VWHP�VRXWK�RI�+LOWRQ�+HDG�,VODQG���,Q�WKHVH�DUHDV�
WLGDO�FXUUHQW�SURFHVVHV�SUHGRPLQDWH�RYHU�ZDYH�SURFHVVHV���7KH�ODUJH�VRXQGV�DQG
H[WHQVLYH�VKRDO�V\VWHPV�H[WHQGLQJ�SHUSHQGLFXODU�WR�WKH�VKRUHOLQH�DUH�IHDWXUHV
FUHDWHG�E\�WLGDO�FXUUHQW�GRPLQDWHG�SURFHVVHV���2Q�WKH�PRUH�RSHQ�FRDVW��+LOWRQ�+HDG
,VODQG�DQG�7\EHH�,VODQG�DUH�H[SRVHG�WR�PXFK�JUHDWHU�OHYHOV�RI�ZDYH�DFWLRQ���+HUH�
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ZDYH�SURFHVVHV�DUH�RI�LQFUHDVHG�LPSRUWDQFH��ZKLOH�WLGDO�FXUUHQW�SURFHVVHV�VWLOO
SUHGRPLQDWH�QHDU�WKH�HQGV�RI�WKH�LVODQGV�

����� 1HDUVKRUH�%DFNJURXQG�:DWHU�4XDOLW\

:DWHU�TXDOLW\�ZLWKLQ�WKH�EDU�DUHD�DW�WKH�PRXWK�RI�WKH�6DYDQQDK�5LYHU��DGMDFHQW�WR
7\EHH�,VODQG��*HRUJLD��LV�UHODWLYHO\�SUHGLFWDEOH��DQG�LV�GHSHQGHQW�RQ�WKH�WLGDO
FRQGLWLRQV�ZLWKLQ�WKH�6DYDQQDK�5LYHU���:DWHU�TXDOLW\�SDUDPHWHUV�VXFK�DV
WHPSHUDWXUH��VSHFLILF�FRQGXFWLYLW\��VDOLQLW\��DQG�'2�YDU\�XQLIRUPO\�ZLWK�GHSWK��DQG
ZLWK�IORRG�DQG�HEE�FRQGLWLRQV�RI�WKH�ULYHU�

6DOLQLW\�LQ�WKH�DUHD�LV�DIIHFWHG�E\�WKH�WLGHV�DQG�PL[LQJ�ZLWK�IORZV�GRZQ�WKH
6DYDQQDK�5LYHU���6DOLQLW\�PLGZD\�LQ�WKH�ZDWHU�FROXPQ�UDQJHV�IURP�JUHDWHU�WKDQ���
SSW�WR�OHVV�WKDQ���SSW���$V�H[SHFWHG��PHDVXUHG�YDOXHV�RI�VDOLQLW\�DUH�JUHDWHU�QHDU�WKH
ERWWRP��DQG�GHFUHDVH�KLJKHU�LQ�WKH�ZDWHU�FROXPQ��ZLWK�YDULDWLRQV�DV�KLJK�DV���SSW�RU
PRUH�IURP�ERWWRP�WR�VXUIDFH�DW�D�VLQJOH�ORFDWLRQ���

6SHFLILF�FRQGXFWDQFH��OLNH�VDOLQLW\��YDULHV�ZLWK�GHSWK�DQG�WLGDO�F\FOH��ZLWK�KLJKHU
YDOXHV�DW�WKH�ERWWRP�GXULQJ�IORRG�FXUUHQWV��DQG�WKH�ORZHU�YDOXHV�DW�WKH�VXUIDFH
GXULQJ�HEE�FXUUHQWV���7\SLFDO�VSHFLILF�FRQGXFWDQFH�LQ�WKH�YLFLQLW\�RI�WKH�EDU�DUHD
UDQJH�IURP��������WR��������µPKRV�FP�

6HD�ZDWHU�WHPSHUDWXUH�LV�QRW�DV�GHSHQGHQW�RQ�GHSWK�LQ�WKH�%&�DUHD���7KH�PHDVXUHG
ZDWHU�WHPSHUDWXUHV�DUH�PRUH�GHSHQGHQW�RQ�WKH�DLU�WHPSHUDWXUH��DQG�QRUPDOO\�YDU\
DV�OLWWOH�DV�KDOI�RI�D�GHJUHH�IURP�ERWWRP�WR�VXUIDFH���0LG�ZDWHU�WHPSHUDWXUHV�DUH
UHODWLYHO\�VWDEOH�WKURXJKRXW�WKH�WLGDO�F\FOH��EXW�YDU\�JUHDWO\�RYHU�WKH�FRXUVH�RI�WKH
\HDU���6HDVRQDO�KLJKV�FDQ�UHDFK�����°)�RU�PRUH��ZKLOH�VHDVRQDO�ORZV�FDQ�EH�OHVV�WKDQ
����°)�

'2�GRHV�QRW�DSSHDU�WR�EH�DV�GHSHQGHQW�RQ�WLGDO�F\FOHV�DQG�VHDVRQDO�YDULDWLRQV�DV�WKH
RWKHU�SDUDPHWHUV���:DWHU�FROXPQ�PHDVXUHPHQWV�WKURXJKRXW�WKH�WLGDO�F\FOH�VKRZ
WKDW�WKH�VXUIDFH�'2�OHYHOV�PD\�EH�KLJKHU�WKDQ�ERWWRP�OHYHOV�IRU�D�VKRUW�SHULRG�RI
WLPH��DQG�WKHQ�VORZO\�UHYHUVH�RYHU�WKH�FRXUVH�RI�D�IHZ�KRXUV���7\SLFDO�YDOXHV�RI�'2
LQ�WKH�PLG�ZDWHU�FROXPQ�UDQJH�IURP���WR���PJ�/��ZLWK�D�YDULDWLRQ�RI�OHVV�WKDQ��
PJ�/�IURP�VXUIDFH�WR�ERWWRP���3HUFHQW�VDWXUDWLRQ�RI�'2�UHPDLQV�UHODWLYHO\�KLJK�WKH
PDMRULW\�RI�WKH�WLPH��DQG�PHDVXUHG�YDOXHV�FDQ�EH�DERYH�����SHUFHQW�IRU�H[WHQGHG
SHULRGV�RI�WLPH�XQGHU�FHUWDLQ�FRQGLWLRQV��ZKLOH�UDUHO\�IDOOLQJ�EHORZ����SHUFHQW�

����� 1DWLYH�0DULQH�6SHFLHV

7KH�QHDUVKRUH�HQYLURQPHQW�KRVWV�QXPHURXV�VSHFLHV�RI�PDULQH�OLIH�WKURXJKRXW�WKH
\HDU���7KH�RFFXUUHQFH�DQG�GLVWULEXWLRQ�SDWWHUQV�RI�WKH�YDULRXV�VSHFLHV�KDYH�QRW�EHHQ
ZHOO�GRFXPHQWHG�IRU�WKH�QHDUVKRUH�HQYLURQPHQW�RYHU�HLWKHU�WLPH�RU�ORFDWLRQ���2QH�RI
WKH�SXEOLFO\�YLVLEOH�VSHFLHV�LV�WKH�ORJJHUKHDG�WXUWOH��&DUHWWD�FDUHWWD���ZKLFK�KDV�EHHQ
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IRXQG�WR�QHVW�RQ�7\EHH�,VODQG�GXULQJ�WKH�SHULRG�RI�0D\���WKURXJK�$XJXVW������7KH
KDWFKLQJ�VHDVRQ�IRU�WKDW�VSHFLHV�H[WHQGV�WR�2FWREHU�����86):6����������

6HYHUDO�VSHFLHV�RI�PDULQH�ILVK�DUH�IRXQG�LQ�WKH�QHDUVKRUH�HQYLURQPHQW�RII�WKH�FRDVW
RI�7\EHH�,VODQG���2EVHUYDWLRQV�IURP�VKULPS�E\�FDWFK�VWXGLHV�LQGLFDWH�WKDW�WKH�PRVW
DEXQGDQW�LQFOXGH�$WODQWLF�VSRW��/HLVWRPXV�[DQWKXUXV��FURDNHU��0LFURSRJRQLDV
XQGXODWXV���VSRWWHG�VHDWURXW��&\QRVFLRQ�QHEXORVXV���VLOYHU�VHDWURXW��&\QRVFLRQ
QRWKXV���ZHDNILVK��&\QRVFLRQ�UHJDOLV���VRXWKHUQ�NLQJILVK��0HQWLFLUUKXV�DPHULFDQXV��
YDULRXV�GUXP��$WODQWLF�PHQKDGHQ��%UHYRRUWLD�W\UDQQXV���KRJ�FKRNHU��7ULQHFWHV
PDFXODWXV���DQG�ED\�DQFKRY\��$QFKRD�PLWFKHOOL���

��� 6HGLPHQW�4XDOLW\

7KH�6DYDQQDK�'LVWULFW�86$&(�KDV�SHULRGLFDOO\�HYDOXDWHG�ULYHU�VHGLPHQWV�SULRU�WR
WKHLU�EHLQJ�GUHGJHG���7KRVH�DQDO\VHV�KDYH�IRXQG�WKH�KDUERU�VHGLPHQWV�WR�EH�VXLWDEOH
IRU�GUHGJLQJ�DQG�GLVSRVDO�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�SHUWDLQLQJ�WR�HLWKHU
6HFWLRQ�����RI�WKH�&:$�RU�6HFWLRQ�����RI�WKH�0356$��ZKLFKHYHU�LV�DSSURSULDWH�IRU
WKDW�DFWLRQ���7KH�VHGLPHQW�PDWHULDOV�KDYH�EHHQ�IRXQG�WR�FRQWDLQ�YDULRXV�FKHPLFDOV�
EXW�QRQH�DW�OHYHOV�WKDW�ZRXOG�SRVH�VLJQLILFDQW�WKUHDWV�WR�DTXDWLF�OLIH���0RVW�FKHPLFDOV
ZHUH�ZLWKLQ�EDFNJURXQG�OHYHOV�FRPPRQO\�REVHUYHG�LQ�VRXWKHDVWHUQ�8��6��VRLOV
�&RQQHU�	�6KDFNOHWWH��������

7KH������/706�UHYLHZHG�SUHYLRXV�VHGLPHQW�HYDOXDWLRQV�FRQGXFWHG�LQ�WKH�KDUERU��
7KH�RQO\�FRQWDPLQDQWV�LGHQWLILHG�WR�EH�RI�SRVVLEOH�FRQFHUQ�DUH�KHDY\�PHWDOV���0HWDOV
PD\�H[HUW�GLUHFW�DFXWH�HIIHFWV�RQ�RUJDQLVPV�E\�DIIHFWLQJ�WKHLU�JURZWK�DQG
VXUYLYDELOLW\���:KHQ�ORRNLQJ�DW�WKH�RYHUDOO�FRPSRVLWLRQ�RI�6DYDQQDK�+DUERU
VHGLPHQWV��QR�FRQWDPLQDQWV�KDYH�EHHQ�LGHQWLILHG�ZKLFK�H[LVW�DW�OHYHOV�WKDW�ZRXOG
LQGLFDWH�D�FRQFHUQ�IRU�SUREDEOH�DFXWH�LPSDFWV���7KH�DYHUDJH�RI�FDGPLXP�LQ�WKH�LQ�
FKDQQHO�VHGLPHQWV��WKH�DYHUDJH�OHYHOV�RI�FKURPH��FRSSHU��DQG�DUVHQLF�LQ�VHGLPHQWV
ZLWKLQ�WKH�6HGLPHQW�%DVLQ��DQG�DYHUDJH�OHYHOV�RI�VLOYHU�ZLWKLQ�ERWK�LQ�FKDQQHO�DQG
6HGLPHQW�%DVLQ�VHGLPHQWV�DUH�DERYH�WKH�(5�/V�RI�/RQJ�DQG�0RUJDQ����������$YHUDJH
OHYHOV�RI�FDGPLXP��VLOYHU��DQG�DUVHQLF�LQ�VHGLPHQWV�RXWVLGH�WKH�FKDQQHO�DUH�DOVR
DERYH�WKH�(5�/V���7KH�(5�/�LV�WKH�ORZHVW����SHUFHQWLOH�RI�GDWD�RU�SUHGLFWLRQV
DVVRFLDWHG�ZLWK�ELRORJLFDO�HIIHFWV�XQGHU�VRPH�VHW�RI�FRQGLWLRQV���1RQH�RI�WKH�DYHUDJH
YDOXHV�DSSURDFK�WKH�(5�0V���6RPH�FRQFHUQ�UHPDLQV�IRU�PHWDO�FRQFHQWUDWLRQV�LQ�RXW�
RI�FKDQQHO�VHGLPHQWV��HVSHFLDOO\�FDGPLXP���6LQFH�VHGLPHQWV�RXWVLGH�WKH�FKDQQHO
FRQVWLWXWH�RQO\�D�VPDOO�IUDFWLRQ�RI�WRWDO�2	0�VHGLPHQW�WKDW�ZRXOG�EH�SODFHG�LQ�WKH
GLVSRVDO�DUHDV��DQ\�SRVVLEOH�HIIHFWV�E\�FDGPLXP�ZRXOG�EH�GLOXWHG�EHORZ�DQ\�OHYHO�RI
FRQFHUQ���0RUHRYHU��VLQFH�DJLWDWLRQ�GUHGJLQJ�ZDV�WDNLQJ�SODFH�WKURXJKRXW�WKH�WLPH
SHULRG�RYHU�ZKLFK�WKH�VHGLPHQW�LQYHVWLJDWLRQV�UHYLHZHG�E\�WKH�/706�ZHUH
FRQGXFWHG��WKH�FKDQQHO�DQG�6HGLPHQW�%DVLQ�VHGLPHQW�GDWD�VKRXOG�LQFOXGH�WKH�HIIHFWV
RI�DJLWDWLRQ�GUHGJLQJ�DQG�VHGLPHQWV�RXWVLGH�WKH�FKDQQHO���7KH�/706�DVVHVVPHQW�GLG
QRW�WDNH�LQWR�DFFRXQW�WKH�H[WHQW�WR�ZKLFK�WKH�REVHUYHG�EXON�WRWDO�FRQFHQWUDWLRQV�RI
PHWDOV�LQ�WKH�6DYDQQDK�+DUERU�VHGLPHQWV�PD\�QRW�EH�ELRDYDLODEOH���7KH�OLNHOLKRRG
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WKDW�D�VLJQLILFDQW�SURSRUWLRQ�RI�WKHVH�PHWDOV�ZRXOG�EH�ELRDYDLODEOH�RU�H[HUW�FKURQLF
HIIHFWV�WKURXJK�ELRFRQFHQWUDWLRQ�LV�VPDOO���$Q�HDUOLHU�LQYHVWLJDWLRQ�RI�6DYDQQDK
+DUERU�VHGLPHQWV��6DYDQQDK�/DEV��������IRXQG�WKDW�PRVW�����WR����SHUFHQW��RI�WKH
FKURPH��OHDG��DQG�VLOYHU�RFFXUUHG�LQ�WKH�PRGHUDWHO\�UHGXFLEOH�RU�UHVLGXDO�IUDFWLRQV
WKDW�WHQG�WR�EH�LPPRELOH���7KH�6DYDQQDK�'LVWULFW�86$&(�EHOLHYHV�WKDW�VXIILFLHQWO\
KLJK�PHWDOV�FRQFHQWUDWLRQV�DUH�QRW�ELRDYDLODEOH�LQ�FRQFHQWUDWLRQV�WKDW�ZRXOG�H[HUW
FKURQLF�HIIHFWV�RQ�RUJDQLVPV�WKDW�DFFXPXODWH�PHWDOV�LQ�WKHLU�WLVVXHV�RU�IHHG�RQ
RUJDQLVPV�WKDW�KDYH�DFFXPXODWHG�PHWDOV�

$Q�HYDOXDWLRQ�ZDV�FRQGXFWHG�RI�WKH�VHGLPHQWV�WKDW�ZRXOG�EH�H[FDYDWHG�GXULQJ
FRQVWUXFWLRQ�RI�WKH�SURSRVHG�GHHSHU�FKDQQHO���7KDW�HYDOXDWLRQ�LV�VXPPDUL]HG�LQ
6HFWLRQ�����

��� +D]DUGRXV�DQG�7R[LF�:DVWHV

7KH�FKDQQHO�GHVLJQ�PLQLPL]HV�WKH�SURMHFW�LPSDFW�WR�DGMDFHQW�XSODQG�DUHDV�DORQJ�WKH
FKDQQHO���7KHUH�DUH���DUHDV�DW�SURSRVHG�EHQG�ZLGHQHUV�ZKHUH�DGMDFHQW�XSODQGV�PD\
�EH�UHPRYHG���1R�KD]DUGRXV�RU�WR[LF�VXEVWDQFHV�DUH�NQRZQ�WR�H[LVW�DW�KD]DUGRXV
FRQFHQWUDWLRQV�LQ�DQ\�RI�WKHVH�VLWHV���1R�HYLGHQFH�RI�SDVW�GLVSRVDO�SUDFWLFHV�RI
PDWHULDOV�VXFK�DV�SHWUROHXP��VFUDS�PHWDO��RUGQDQFH��UDGLRDFWLYH�PDWHULDOV��RUJDQLF
FKHPLFDOV��H�J���LQVHFWLFLGHV���RU�EXLOGLQJ�SURGXFWV�KDV�EHHQ�IRXQG�DW�WKHVH�VLWHV�

'UHGJHG�PDWHULDO�LV�QRW�JHQHULFDOO\�FRQVLGHUHG�DV�HLWKHU�D��KD]DUGRXV�VXEVWDQFH�
XQGHU�WKH�GHILQLWLRQV�RI�WKH�&RPSUHKHQVLYH�(QYLURQPHQWDO�5HVSRQVH�
&RPSHQVDWLRQ�DQG�/LDELOLW\�$FW��&(5&/$������8�6�&�������������RU�D��KD]DUGRXV
ZDVWH��XQGHU�WKH�GHILQLWLRQV�RI�WKH�5HVRXUFH�&RQVHUYDWLRQ�DQG�5HFRYHU\�$FW
�5&5$������8�6�&�������HW�VHT�����6RPH�LQGXVWULHV�GR�WUDQVSRUW�JRRGV�WKURXJK�WKH
KDUERU�WKDW�FRXOG�EH�FRQVLGHUHG�KD]DUGRXV�RU�WR[LF���7KH�8��6��&RDVW�*XDUG
HVWDEOLVKHV�SURFHGXUHV�IRU�VXFK�PRYHPHQW�WR�HQVXUH�WKRVH�RSHUDWLRQV�DUH�GRQH
VDIHO\���1R�VXFK�PRYHPHQWV�KDYH�UHVXOWHG�LQ�VSLOOV�WKDW�FDXVHG�ZLGHVSUHDG�WKUHDWV
WR�KXPDQ�KHDOWK�RU�VDIHW\���2QH�PDMRU�RLO�VSLOO�GLG�RFFXU�RQ�'HFHPEHU����������ZKHQ
WKH�$PD]RQ�9HQWXUH�OHDNHG�DSSUR[LPDWHO\���������JDOORQV�RI�1R����IXHO�RLO�LQWR�WKH
KDUERU�

6HGLPHQWV�WR�EH�H[FDYDWHG�GXULQJ�FRQVWUXFWLRQ�RI�WKH�SURSRVHG�KDUERU�GHHSHQLQJ
ZHUH�FKHPLFDOO\�WHVWHG�WR�HQVXUH�WKH\�GR�QRW�FRQWDLQ�DQ\�FKHPLFDO�FRPSRXQGV�DW
OHYHOV�WKDW�ZRXOG�FDXVH�KHDOWK�RU�HQYLURQPHQWDO�FRQFHUQV���6DPSOLQJ�RI�(QWUDQFH
&KDQQHO�VHGLPHQWV�ZDV�PDGH�DW���VLWHV�����DW�DSSUR[LPDWHO\�67$��������%�DQG��
QHDU�WKH�UHFHQWO\�GHPROLVKHG�6DYDQQDK�5$&21�OLJKW�WRZHU�DW�67$��������%��
7KRVH�VHGLPHQWV�ZHUH�RYHU����SHUFHQW�VDQG�DQG�FRQWDLQ�YHU\�OLWWOH�RUJDQLF�PDWHULDO��
7KLV�SK\VLFDO�LQIRUPDWLRQ��WRJHWKHU�ZLWK�WKH�FKHPLFDO�WHVWV��FRQILUP�WKDW�WKLV
PDWHULDO�LV�DQ�XQOLNHO\�VWRUH�RI�FKHPLFDO�FRQWDPLQDQWV���+RZHYHU��FDGPLXP�DQG
ORZHU�PROHFXODU�ZHLJKW�3$+V�ZHUH�IRXQG�LQ�WKH�VXUIDFH�VHGLPHQWV�QHDU�WKH
6DYDQQDK�5$&21�OLJKW���7KRVH�FRPSRXQGV�DUH�EHOLHYHG�WR�KDYH�RULJLQDWHG�IURP�D
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IXHO��EDWWHU\��DQG�SDLQW�ODFTXHU�VSLOO�WKDW�RFFXUUHG�LQ�1RYHPEHU������ZKHQ�WKH�WRZHU
ZDV�GHVWUR\HG���7KH�VXUILFLDO�VHGLPHQWV�LQ�WKLV�YLFLQLW\�VKRXOG�EH�UHPRYHG�SULRU�WR
FRQVWUXFWLRQ�RI�WKH�GHHSHQLQJ�SURMHFW�WR�SUHFOXGH�WKH�SRWHQWLDO�IRU�DGYHUVH�HIIHFWV�WR
PDULQH�RUJDQLVPV�LQ�DQG�DURXQG�WKH�2'0'6���7KLV�FOHDQ�XS�LV�WKH�UHVSRQVLELOLW\�RI
WKH�RSHUDWRU�RI�WKH�OLQH�WKDW�RZQV�DQG�RSHUDWHV�WKH�FRQWDLQHU�VKLS�WKDW�UDQ�LQWR�WKH
WRZHU��GHVWUR\LQJ�LW�DQG�FDXVLQJ�WKH�VSLOO��

��� )LVKHULHV

7KH�6WDWH�RI�*HRUJLD�SHUIRUPHG�D�ILVKHU\�VXUYH\�LQ�WKH�6DYDQQDK�5LYHU�IURP�-XO\
�����WR�-XQH�������6FKPLWW�DQG�+RUQVE\����������7KH\�IRXQG�WKDW�QXPHULFDOO\��WKH
VWULSHG�PXOOHW��0XJLO�FHSKDOXV��ZDV�E\�IDU�WKH�PRVW�DEXQGDQW�VSHFLHV�VDPSOHG�LQ�WKH
HVWXDULQH�KDELWDW��IROORZHG�E\�ODUJHPRXWK�EDVV��0LFURSWHUXV�VDOPRLGHV��DQG�ERZILQ
�$PLD�FDOYD����%LRPDVV�LQ�WKH�HVWXDU\�ZDV�FRPSRVHG�SULPDULO\�RI�FRPPRQ�FDUS
�&\SULQXV�FDUSLR���ERZILQ��DQG�VSRWWHG�VXFNHU��0LQ\WUHPD�PHODQRSV����&RPSDUHG�WR
WKH�QRQ�JDPH�VSHFLHV��JDPH�ILVK�ZHUH�SRRUO\�UHSUHVHQWHG�LQ�WKH�HVWXDULQH�KDELWDW��
7KH�SULQFLSDO�VSHFLHV�KDUYHVWHG�LQ�WKH�HVWXDULQH�SRUWLRQ�RI�WKH�ULYHU�ZHUH�VKRZQ�WR
EH�FURDNHU�VSRW��0LFURSRJRQ�XQGXODWXV�/HLRVWRPXV�[DQWKXUXV���ZKLWH�FDWILVK��,FWDOXUXV
FDWXV���VLOYHU�SHUFK��%DLUGLHOOD�FKU\VXUD���DQG�VSRWWHG�VHDWURXW��&\QRVFLRQ�QHEXORVXV���
:HLJKWV�RI�ILVK�KDUYHVWHG�ZHUH�UHSUHVHQWHG�SULQFLSDOO\�E\�ZKLWH�FDWILVK��UHG�GUXP
�6FLDHQRSV�RFHOODWD���VWULSHG�EDVV��0RURQH�VD[DWLOLV���VSRWWHG�VHDWURXW��KDUGKHDG�FDWILVK
�$ULXV�IHOLV���EOXHILVK��3RPDWRPXV�VDOWDWUL[���DQG�FKDQQHO�FDWILVK��,FWDOXUXV�SXQFWDWXV���
$QDGURPRXV�ILVK�FROOHFWHG�LQ�WKH�HVWXDULQH�KDELWDW�LQFOXGHG�VWULSHG�EDVV��$PHULFDQ
VKDG��$ORVD�VDSLGLVVLPD���KLFNRU\�VKDG��$ORVD�PHGLRFULV���DQG�EOXHEDFN�KHUULQJ��$ORVD
DHVWLYDOLV����7KRXJK�QHLWKHU�VSHFLHV�ZDV�HQFRXQWHUHG�GXULQJ�WKH�VDPSOLQJ�E\�WKH
VWDWH��ERWK�$WODQWLF�VWXUJHRQ�DQG�VKRUWQRVH�VWXUJHRQ�DUH�NQRZQ�WR�LQKDELW�WKH
6DYDQQDK�5LYHU�HVWXDU\���,Q�IDFW��VKRUWQRVH�VWXUJHRQ�ILQJHUOLQJV�DUH�SHULRGLFDOO\
UHOHDVHG�LQWR�WKH�V\VWHP�E\�WKH�6&�'15�

(DFK�VSULQJ�DQG�IDOO��WKH�PDLQ�6DYDQQDK�5LYHU��%DFN�5LYHU��0LGGOH�5LYHU��DQG�WKH
QXPHURXV�LQWHUFRQQHFWLQJ�WLGDO�VWUHDPV�DUH�KRVWV�IRU�WKH�PLJUDWLRQ�RI���PHPEHUV�RI
WKH�KHUULQJ�IDPLO\��$PHULFDQ�VKDG��$ORVD�VDRLGLVVLPD���KLFNRU\�VKDG��$ORVD
PHGLRFULV���DQG�EOXHEDFN�KHUULQJ��$ORVD�DHVWLYDOV���DQG�WKH�VWULSHG�EDVV��0RURQH
VD[DWLOLV���ZKLFK�DUH�YHU\�LPSRUWDQW�JDPH�DQG�RU�FRPPHUFLDO�ILVK���$PHULFDQ�VKDG
HQWHU�WKH�6DYDQQDK�5LYHU�LQ�PLG�-DQXDU\�DQG�EHJLQ�VSDZQLQJ�LQ�PLG�$SULO���7KH
ULYHU�WHPSHUDWXUH�DW�VSDZQLQJ�LV�EHWZHHQ���°)�DQG���°)���7KH�\RXQJ�VKDG�OHDYH�WKH
ULYHU�LQ�DXWXPQ�DQG�DUH�DOO�JRQH�E\�'HFHPEHU���6KDG�VSDZQ�LQ�WKH�)URQW�5LYHU�
IXUWKHU�XSULYHU�WKDQ�GR�VWULSHG�EDVV���%RWK�VSHFLHV�VSDZQ�XSVWUHDP�RI�WKH�XSSHU�HQG
RI�WKH�KDUERU��50���������7KH�$PHULFDQ�VKDG�LV�WKH�PRVW�YDOXDEOH�FRPPHUFLDO
DQDGURPRXV�ILVK�LQ�WKH�VRXWKHDVW�

+LFNRU\�VKDG�HQWHU�WKH�6DYDQQDK�5LYHU�LQ�HDUO\�-DQXDU\��EHJLQ�VSDZQLQJ�LQ�WKH
WULEXWDULHV�LQ�0DUFK��DQG�FRPSOHWH�VSDZQLQJ�LQ�$SULO���:DWHU�WHPSHUDWXUH�DW
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VSDZQLQJ�LV�EHWZHHQ���°)�DQG���°)���7KH�\RXQJ�KDWFK���WR���GD\V�DIWHU�HJJV�DUH�ODLG
DQG�OHDYH�WKH�ULYHU�IURP�-XO\�WR�2FWREHU���%OXHEDFN�KHUULQJ��ZKLFK�DOVR�HQWHU�WKH
ULYHU�LQ�0DUFK�DQG�$SULO��UHTXLUH�D�ZDWHU�WHPSHUDWXUH�RI�DURXQG���°)�WR�VSDZQ�

&RPPHUFLDO�DQG�VSRUW�ILVKLQJ�ZLWKLQ�6DYDQQDK�+DUERU�LV�ORZ�GXH�WR�KHDY\�YHVVHO
WUDIILF�OHYHOV�DQG�UHFXUULQJ�PDLQWHQDQFH�GUHGJLQJ��ZKLFK�UHPRYHV�ERWWRP�KDELWDW
DQG�OLPLWV�EHQWKLF�FRPPXQLWLHV���6HYHUDO�PDULQH�ILQILVK�WDNHQ�DURXQG�WKH�PRXWK�RI
WKH�KDUERU�LQFOXGH�VSRWWHG�VHD�WURXW��VSRW��FURDNHU��DQG�RWKHU�ERWWRP�VSHFLHV���&RELD
DQG�WULSOHWDLO�SURYLGH�IRU�D�OLPLWHG�DPRXQW�RI�VSRUW�ILVKLQJ�LQ�WKH�(QWUDQFH�&KDQQHO�

����� 6WULSHG�%DVV�%DFNJURXQG

������� �6WULSHG�%DVV�&ODVVLILFDWLRQ

7KH�KHDOWK�RI�WKH�VWULSHG�EDVV�SRSXODWLRQ�LV�RI�VSHFLDO�FRQFHUQ�EHFDXVH�RI�LWV�KLVWRULF
SUHVHQFH�LQ�WKH�6DYDQQDK�5LYHU�DQG�LWV�VKDUS�GHFOLQH�LQ�VSDZQLQJ�VXEVHTXHQW�WR�WKH
FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�WLGH�JDWH���'XH�WR�LWV�VLJQLILFDQFH��PRUH�H[WHQVLYH
ELRORJLFDO�DQG�KDELWDW�LQIRUPDWLRQ�RQ�WKLV�VSHFLHV�DUH�SURYLGHG�LQ�WKLV�VHFWLRQ���

7KH�VWULSHG�EDVV��0RURQH�VD[DWLOLV��LV�D�IUHVKZDWHU�ILVK��ZKLFK�OLNH�VDOPRQ��WURXW�
DQG�RWKHU�DQDGURPRXV�ILVKHV��KDV�WKH�DELOLW\�WR�OLYH�LQ�VDOW�ZDWHU���6RPH�VWULSHG�EDVV
VSDZQ�LQ�IUHVK�ZDWHU�EXW�OLYH�LQ�VHD�ZDWHU�ZKLOH�RWKHUV�DUH�SULPDULO\�ULYHULQH���:KDW
JLYHV�WKH�VWULSHG�EDVV�WKLV�DELOLW\�LV�LWV�XQLTXH��JORPHUXODU��NLGQH\�WKDW�DOORZV�LW�WR
PDNH�RVPRWLF�SUHVVXUH�DGMXVWPHQWV�VR�WKDW�LW�PD\�VZLP�LQ�HLWKHU�VDOW�RU�IUHVKZDWHU��
7KH�ILVK�LV�P\RSLF�LQ�YLVLRQ��EXW�KDV�DQ�H[WUDRUGLQDU\�VHQVH�RI�VPHOO�DQG�KHDULQJ���,W
FDQ�WROHUDWH�D�UDQJH�RI�WHPSHUDWXUHV��LWV�RSWLPDO�WHPSHUDWXUH�UDQJH�LV�FRQVLGHUHG�WR
EH�EHWZHHQ����WR���°)��LW�VWD\V�GRUPDQW�EHORZ���°)��DQG�VKRZV�DYRLGDQFH�RI�DUHDV
ZLWK�WHPSHUDWXUHV�DERYH���°)���7HPSHUDWXUH�VHQVLWLYLW\�LV�WKH�PRVW�LPSRUWDQW�IDFWRU
LQ�WKH�WLPLQJ�RI�VSDZQLQJ���,W�KDV�EHHQ�REVHUYHG�WKDW�PDWXUHG�HJJV�ZLOO�QRW�EH
UHOHDVHG�RU�IHUWLOL]HG�XQWLO�WKH�ULJKW�WHPSHUDWXUH�LV�UHDFKHG��

������� �'LVWULEXWLRQ

6WULSHG�EDVV�DSSHDU�WR�KDYH�EHHQ�EDVLFDOO\�ULYHULQH�ILVK��EXW�HYHQWXDOO\�PRYHG
GRZQVWUHDP�LQWR�HVWXDULHV�DQG�LQWR�WKH�VHD�IRU�IRRG���7R�WKLV�GD\��WKH\�UHPDLQ�HLWKHU
ULYHULQH�RU�OLWWRUDO�LQ�WKH�PDULQH�HQYLURQPHQW���7KH\�DUH�FORVHO\�DVVRFLDWHG�ZLWK�WKH
VKRUH�IURQW��ZLWK�HVWXDULHV��ED\V��DQG�WLGDO�ULYHUV���7KH�VWULSHG�EDVV�LQ�WKH�6DYDQQDK
5LYHU��DFFRUGLQJ�WR�VWXGLHV�FRQGXFWHG�LQ�������DUH�HQGHPLF�DQG�ULYHULQH�

6WULSHG�EDVV�LQ�WKH�8��6��DUH�IRXQG�LQ���GLVWLQFW�DUHDV�������DORQJ�WKH�$WODQWLF�&RDVW
IURP�WKH�6W��/DZUHQFH�5LYHU�WR�WKH�6W��-RKQV�5LYHU������*XOI�RI�0H[LFR�WULEXWDULHV�LQ
ZHVWHUQ�)ORULGD��$ODEDPD��0LVVLVVLSSL��/RXLVLDQD��DQG�����DORQJ�WKH�:HVW�&RDVW�IURP
%ULWLVK�&ROXPELD�WR�(QVHQDGD��0H[LFR���7KH�JUHDWHVW�FRQFHQWUDWLRQ�RI�VWULSHG�EDVV
DORQJ�WKH�$WODQWLF�&RDVW�LV�EHWZHHQ�&DSH�+DWWHUDV��1RUWK�&DUROLQD��DQG�&DSH�$QQ�
0DVVDFKXVHWWV���1HZ�<RUN�KDV�D�UHVLGHQW�VWRFN�WKDW�VSDZQV�D�ODUJH�SRSXODWLRQ�LQ�WKH
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+XGVRQ�5LYHU���7KH�PDMRU�QXUVHU\�IRU�VWULSHG�EDVV�LQ�WKH�$WODQWLF�LV�WKH�&KHVDSHDNH
%D\��HVSHFLDOO\�LQ�WKH�3RWRPDF�5LYHU����7KLV�SRSXODWLRQ�ZDV�XQGHUJRLQJ�VHYHUH
GHFOLQH�GXULQJ�WKH�����V�GXH�WR�RYHUILVKLQJ��EXW�LV�FXUUHQWO\�EHOLHYHG�WR�EH
XQGHUJRLQJ�VXFFHVVIXO�UHFRYHU\���2WKHU�VWRFNV�DUH�IRXQG�LQ�1RUWK�DQG�6RXWK
&DUROLQD��DQG�*HRUJLD�LQ�WKH�6DYDQQDK�DQG�2JHHFKHH�5LYHUV��DQG�LQ�)ORULGD�LQ�WKH
6W��0DU\V�DQG�6W��-RKQV�5LYHUV��

,Q�WKH�ODVW�IHZ�GHFDGHV��WKH�GHFOLQH�LQ�WKH�RFFXUUHQFH�RI�VWULSHG�EDVV�DORQJ�WKH
QRUWKHDVW�FRDVW�JDYH�ULVH�WR�D�QXPEHU�RI�OHJLVODWLYH�HIIRUWV���,Q�������&RQJUHVV
DPHQGHG�WKH�$QDGURPRXV�)LVK�&RQVHUYDWLRQ�$FW�WR�SURYLGH�IRU�DQ�(PHUJHQF\
6WULSHG�%DVV�6WXG\�WR�GHWHUPLQH�WKH�FDXVH�RI�GZLQGOLQJ�VWRFNV���$OVR�LQ�������WKH
$WODQWLF�6WDWHV�0DULQH�)LVKHULHV�&RPPLVVLRQ�SUHSDUHG�D�FRDVWZLGH�PDQDJHPHQW
SODQ�IRU�DQDGURPRXV�VWRFNV�DORQJ�WKH�$WODQWLF��UHIHUUHG�WR�DV�WKH�,QWHUVWDWH�)LVKHULHV
0DQDJHPHQW�3ODQ�IRU�6WULSHG�%DVV�3ODQ���

������� )DFWRUV�$IIHFWLQJ�6SDZQLQJ

7KH�HYROXWLRQDU\�RULJLQ�RI�WKH�VWULSHG�EDVV��DV�D�IUHVKZDWHU�ILVK��LV�UHYHDOHG�E\�LWV
UHWXUQ�WR�IUHVKZDWHU�GXULQJ�VSDZQLQJ�VHDVRQ���,Q�WKH�6RXWK�$WODQWLF�5HJLRQ�
VSDZQLQJ�PD\�EHJLQ�DV�HDUO\�DV�PLG�)HEUXDU\�LQ�WKH�ZDUPHU�]RQHV��VXFK�DV�)ORULGD�
DQG�PD\�FRQWLQXH�LQWR�HDUO\�-XQH���,Q�WKH�6DYDQQDK�5LYHU��VSDZQLQJ�EHJLQV�LQ�HDUO\
0DUFK��EXW�WKH�PRVW�LQWHQVH�HJJ�SURGXFWLRQ�������SHUFHQW��RFFXUV�EHWZHHQ�0DUFK���
DQG�ODVWV�XQWLO�DERXW�0D\����HDFK�\HDU��

7KUHH�IDFWRUV�KDYH�EHHQ�VLQJOHG�RXW�IRU�GHWHUPLQLQJ�WKH�WLPLQJ�RI�VWULSHG�EDVV
PLJUDWLRQ�LQWR�WKHLU�IUHVKZDWHU�VSDZQLQJ�JURXQGV�������GXUDWLRQ�RI�GD\OLJKW�����
LQFUHDVH�LQ�ZDWHU�IORZ��DQG�����ULVLQJ�ZDWHU�WHPSHUDWXUHV���2I�WKHVH��ZDWHU
WHPSHUDWXUH�FKDQJHV�DUH�WKH�PRVW�VLJQLILFDQW���$IWHU�VSDZQLQJ��WKH�YHORFLW\�RI
VWULSHG�EDVV�HJJ�WUDQVSRUW�DQG�WKH�TXDOLW\�RI�WKH�ZDWHU�LQ�ZKLFK�WKH�WUDQVSRUWHG�HJJV
KDWFK�DUH�FUXFLDO�WR�VXFFHVVIXO�UHSURGXFWLRQ���2YHU�WKH�SDVW�GHFDGH��PXFK
LQIRUPDWLRQ�KDV�EHHQ�REWDLQHG�UHJDUGLQJ�SDWKZD\V�DQG�YHORFLWLHV�RI�VWULSHG�EDVV
HJJ�WUDQVSRUWDWLRQ�LQ�WKH�6DYDQQDK�5LYHU�HVWXDU\��

6SDZQLQJ�LV�NQRZQ�WR�RFFXU�RYHU�D�UDQJH�RI�WHPSHUDWXUHV��IURP�DERXW���°)�WR���°)��
,Q�WKH�6DYDQQDK�5LYHU��'XGOH\�HW�DO���������DQG�/DUVRQ��������IRXQG�WKDW�VSDZQLQJ
EHJDQ�DW�DERXW�����°)�LQ�0DUFK�DQG�HQGHG�DIWHU�WHPSHUDWXUHV�H[FHHGHG���°)�LQ�0D\�
�'XULQJ�WKLV�LQWHUYDO��PDMRU�VSDZQLQJ�SHDNV�RFFXUUHG�ZKHQ�ULYHU�WHPSHUDWXUHV
LQFUHDVHG�WR�DERXW���°)���9DQ�'HQ�$Y\OH��������SUHVHQWHG�VSDZQLQJ�GDWD�IRU������WR
�����LQ�ZKLFK�VSDZQLQJ�XVXDOO\�RFFXUUHG�ZKHQ�ZDWHU�WHPSHUDWXUH�LQ�WKH�6DYDQQDK
5LYHU�ZDV�EHWZHHQ���°�WR���°)���,I�WKH�WHPSHUDWXUH�IDOOV�EHORZ�RU�DERYH�WKH
WHPSHUDWXUH�UDQJH��VSDZQLQJ�FRPHV�WR�D�KDOW�XQWLO�WKH�ULJKW�WHPSHUDWXUH�LV
UHHVWDEOLVKHG���5DSLG�HQYLURQPHQWDO�FKDQJHV�GXULQJ�WKH�VSDZQLQJ�SURFHVV�FDQ
VKDUSO\�UHGXFH�WKH�QXPEHU�RI�HJJV�UHOHDVHG�DQG�IHUWLOL]HG��
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0RVW�UHVHDUFKHUV�KROG�WKDW�VWULSHG�EDVV�VHHN�RXW�IUHVKZDWHU�RU�ORZ�VDOLQLW\�ZDWHUV
IRU�VSDZQLQJ���,Q�WKH�6DYDQQDK�5LYHU��WKH�KLVWRULF�VSDZQLQJ�DUHD�LQ�WKH�%DFN�5LYHU
UHSRUWHGO\�KDV�D�VDOLQLW\�RI�OHVV�WKDQ�����SSW��:DOOLQ����������$OEUHFKW��������UHSRUWHG
EHWWHU�HJJ�VXUYLYDO�DW�VDOLQLWLHV�XS�WR�����SSW��EXW�SRRUHU�VXUYLYDO�DERYH���SSW���7KH
HIIHFW�RI�VDOLQLW\�PD\�DOVR�EH�WHPSHUDWXUH�GHSHQGHQW���DW�KLJKHU�WHPSHUDWXUHV����°)
WR���°)��VDOLQLWLHV�DV�ORZ�DV���SSW�PD\�GHFUHDVH�VXUYLYDO���'RZQVWUHDP�WUDQVSRUW�RI
HJJV�LQWR�PRUH�VDOLQH�ZDWHUV�GHFUHDVHG�VSDZQLQJ�VXFFHVV�LQ�WKH�3RWRPDF�5LYHU
�3ROJDU�HW�DO�����������3ROJDU�SUHVHQWV�D�EULHI�UHYLHZ�RI�VSDZQLQJ�VXFFHVV�LQ�GLIIHULQJ
VDOLQLW\�FRQFHQWUDWLRQV���+H�PDNHV�D�GLVWLQFWLRQ�EHWZHHQ�ODERUDWRU\�UHVXOWV�DQG�ILHOG
UHVXOWV���,Q�WKH�ILHOG��HJJV�DUH�DOPRVW�DOZD\V�VSDZQHG�LQ�HLWKHU�IUHVK�RU�RQO\�VOLJKWO\
VDOLQH�ZDWHUV�OHVV�WKDQ�RU�HTXDO�WR���SSW��0RUJDQ�HW�DO���������&RXWDQW��:LQJHU��DQG
/DVLHU��������

6SDZQLQJ�XVXDOO\�RFFXUV�LQ�WKH�IROORZLQJ�ZD\���7KH�PDOHV�DUULYH�DW�WKH�VSDZQLQJ
DUHD�VHYHUDO�GD\V�RU�ZHHNV�DKHDG�RI�WKH�IHPDOHV���7KH�ILVK�JDWKHU�LQ�VFKRROV�LQ�DUHDV
WKDW�KDYH�D�VXEVWDQWLDO�FXUUHQW�DQG�D�ERWWRP��VXFK�DV�VDQG�RU�JUDYHO��WKDW�LV�WR�WKHLU
OLNLQJ���7KH\�HQJDJH�LQ�SUH�VSDZQLQJ�WKUDVKLQJ�ULWXDOV��´URFN�ILJKWVµ���D�IHPDOH�PD\
EH�VXUURXQGHG�E\�DV�PDQ\�DV����VXLWRUV�ZKHQ�VKH�LV�UHDG\�WR�VSDZQ���:KHQ�WKH�WLPH
DUULYHV�IRU�WKH�HJJ�UHOHDVH��WKH�IHPDOH�VLQNV�EHORZ�WKH�VXUIDFH��DQG���WR���PDOHV�SUHVV
DORQJVLGH�KHU��IRUFLQJ�KHU�WR�H[XGH�KHU�HJJV���0LOW�IORZV�IURP�WKH�PDOHV��PL[LQJ�ZLWK
DQG�IHUWLOL]LQJ�WKH�HJJV���$V�HDFK�PDOH�EHFRPHV�VSHQW��QHZ�PDOHV�WDNH�WKHLU�SODFH
DQG�FRQWLQXH�WR�EXPS�DQG�SURG�WKH�IHPDOH�XQWLO�VKH�KDV�H[SHOOHG�DOO�RI�KHU�HJJV��
5HJDUGLQJ�IHFXQGLW\��WKH�IROORZLQJ�LV�RI�QRWH���IHPDOHV�EHFRPH�VH[XDOO\�PDWXUH�LQ
DERXW���\HDUV��PDOHV�LQ���WR���\HDUV���)HFXQGLW\�RI�WKH�IHPDOH�LV�LQ�GLUHFW�SURSRUWLRQ
WR�KHU�ZHLJKW���7KH�DYHUDJH�QXPEHU�RI�RYD�LQFUHDVHV�IURP���������LQ�D���SRXQG
IHPDOH�WR�����������LQ�D����SRXQG�IHPDOH���+RZHYHU��WKH�UHODWLYHO\�YDVW�QXPEHUV�RI
��SRXQG�ILVK�WR�WKH�VPDOO�QXPEHUV�RI�ODUJH�IHPDOHV�PDNH�WKH�VPDOOHU�IHPDOHV�PRUH
LPSRUWDQW�FRQWULEXWRUV�WR�WKHLU�VSHFLHV·�SURSDJDWLRQ��

7KH�HJJV�UHPDLQ�YLDEOH�IRU���KRXU�DIWHU�UHOHDVH�IURP�WKH�IROOLFOHV�LQWR�WKH�OXPHQ���7KH
IHUWLOL]HG�HJJV�DUH�VSKHULFDO��QRQDGKHVLYH��DQG�VHPLEXR\DQW���$IWHU�IHUWLOL]DWLRQ��WKH
HJJV�EHFRPH�VSKHULFDO�DQG�KDUGHQHG���7KH\�KDYH�D�VSHFLILF�JUDYLW\�RI��������ZKLFK
PDNHV�WKHP�VOLJKWO\�KHDYLHU�WKDQ�ZDWHU���7KH�VOLJKW�DJLWDWLRQ�RI�WKH�FXUUHQW�NHHSV
WKHP�EXR\DQW���$SSUR[LPDWHO\����KRXUV�DIWHU�IHUWLOL]DWLRQ��ZDWHU�DEVRUSWLRQ�E\�WKH
HJJ�LV�MXVW�DERXW�FRPSOHWH�DQG�WKH�HJJV�VZHOO�LQ�GLDPHWHU�WR�����WR�����PP
�DSSUR[LPDWHO\�����RI�DQ�LQFK����+DWFKLQJ�RFFXUV�LQ�DERXW����KRXUV��WKRXJK�DW�WKH
SUHYDLOLQJ�WHPSHUDWXUHV�LQ�WKH�6DYDQQDK�HVWXDU\�HJJV�UHTXLUH�DSSUR[LPDWHO\���
KRXUV��%D\OHVV��������5HLQHUW�HW�DO�����������2QFH�KDWFKHG��WKH�HPEU\R�LV�FODVVLILHG�DV�D
ODUYD��\RON�VDF�VWDJH����7KH�ODUYDO�VWDJH�ODVWV�IRU�DERXW����GD\V���$W����GD\V��WKH�EDVV
LV�UHIHUUHG�WR�DV�ILQJHUOLQJ�RU�IU\���$�OLVWLQJ�RI�WKH�IHHGLQJ�RI�\RXQJ�VWULSHG�EDVV
GXULQJ�WKHLU�GHYHORSPHQWDO�VWDJHV�LQ�SURYLGHG�E\�6HW]OHU�HW�DO����������3DJH�������$
VXPPDU\�RI�WKH�WROHUDQFH�UDQJH�RI�VWULSHG�EDVV�WR�D�QXPEHU�RI�HQYLURQPHQWDO�IDFWRUV
LV�SURYLGHG�EHORZ�RQ�7DEOH������
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7DEOH�������7ROHUDQFH��1XPHUDWRU��DQG�2SWLPXP�5DQJH��'HQRPLQDWRU�

RI�6RPH�(QYLURQPHQWDO�)DFWRUV�IRU�6WULSHG�%DVV�(JJV��/DUYDH��DQG�<RXQJ�

'HYHORSPHQWDO�6WDJH
)ORZ�5DWH
�P�V�

7HPSHUDWXUH
�°&�

6DOLQLW\
�SSW�

'LVVROYHG
2[\JHQ
�PJ�/�

(JJV ������� ����� ���� !���>���@�
������� ����� ������� >!�`

/DUYDH�XS�WR ��� ����� ���� ����
���PP ������� ����� ������ ����

<RXQJ ����� ����� ���� ����
������PP ����� ����� ������� ����

<RXQJ ����� ""��� ������ ����
�������PP ����� ����� ������� ����

� 6HW]OHU��(�0���%R\QWRQ��:�5���:RRG��.�9���6\QRSVLV�RI�%LRORJLFDO�'DWD�RQ�6WULSHG�%DVV��0RURQH
VD[DWLOXV���12$$�7HFKQLFDO�5HSRUW��-XQH������

� %UDFNHWHG�QXPEHUV�DUH�IURP�WKH�0DUN�DQG�-DQH�%DLQ���+DELWDW�6XLWDELOLW\�,QGH[�0RGHO���86):6�
�����

7KH�SRWHQWLDO�EHQHILFLDO��DV�ZHOO�DV�VXE�OHWKDO��HIIHFWV�RI�VDOLQLW\�FRQFHQWUDWLRQ�RQ
HJJ�VXUYLYDO��PDNHV�WLPH�RI�WUDYHO�WR�WKH�UHJLRQ�ZKHUH�VDOLQLW\�OHYHOV�H[FHHG�DFXWH
WR[LF�FRQFHQWUDWLRQV�D�FULWLFDO�IDFWRU���5DSLG�IOXVKLQJ��RU�WKH�RQVHW�RI�VSDZQLQJ�FORVH
WR�WKH�IUHVKZDWHU�VDOWZDWHU�LQWHUIDFH��PD\�VXEMHFW�WKH�HJJV�WR�KLJK�PRUWDOLW\���6WULSHG
EDVV�HJJV�DUH�GHSHQGHQW�RQ�ZDWHU�FXUUHQWV�WR�EXR\�WKHP�GXULQJ�LQFXEDWLRQ��9DQ
'HQ�$Y\OH�HW�DO�����������7KH�VWULSHG�EDVV�VHOHFW�VLWHV�WKDW�KDYH�VXIILFLHQW�FXUUHQW�WR
DOORZ�WKH�HJJV�WR�EH�EXR\HG�RII�WKH�ERWWRP�DQG�WR�DOORZ�KDWFKLQJ�WR�RFFXU�EHIRUH
WKH\�UHDFK�VDOW�ZDWHU���$OEUHFKW�VKRZHG�WKDW�ZDWHU�PRYHPHQW�RQ�WKH�RUGHU�RI
DSSUR[LPDWHO\���IRRW�SHU�VHFRQG�����FP�SHU�VHFRQG��ZDV�QHFHVVDU\�IRU�VXVSHQVLRQ�RI
WKH�HJJV�WR�RFFXU�LQ�DQ�HVWXDU\���+DWFKLQJ�WDNHV�IURP����WR����KRXUV�WR�RFFXU�
GHSHQGLQJ�RQ�WHPSHUDWXUH���,I��GXULQJ�WKLV�SHULRG��WKH�HJJV�DUH�WUDQVSRUWHG�LQWR
ZDWHUV�ZLWK�VDOLQLWLHV�DERYH�WKH�UHSRUWHG�RSWLPDO�UDQJH�RI�����WR�����SSW��WKHQ�WKH
HJJV�PD\�QRW�KDWFK���

)RU�WKH�6DYDQQDK�5LYHU��VWXGLHV�KDYH�VKRZQ�WKDW�VSDZQLQJ�RFFXUV�LQ�ZDWHUV�KDYLQJ
D�VDOLQLW\�FRQFHQWUDWLRQ�RI�OHVV�WKDQ���SSW��ZKLOH�WKH�OHWKDO�OLPLW�IRU�HJJV�DQG�ODUYDH
LQ�WKH�5LYHU�LV�EHOLHYHG�WR�EH���SSW��:LQJHU�DQG�/DVLHU����������7KH�WUDGLWLRQDO



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ $))(&7('�(19,5210(17

VSDZQLQJ�DUHD�IRU�WKH�VWULSHG�EDVV�LQ�WKH�6DYDQQDK�5LYHU�KDV�EHHQ�LGHQWLILHG�DV�WKH
%DFN�5LYHU�0LOH����DQG�DERYH��5HLQHUW�HW�DO����������

����� +LVWRULFDO�(IIHFWV�RI�7LGH�*DWH�DQG�1HZ�&XW�RQ�6WULSHG�%DVV�6SDZQLQJ�LQ�WKH
6DYDQQDK�5LYHU

%HIRUH�WKH�WLGH�JDWH�ZHQW�LQWR�RSHUDWLRQ��������VHYHUDO�VWXGLHV�GHYHORSHG�EDVHOLQH
LQIRUPDWLRQ�DERXW�WKH�VWULSHG�EDVV�LQ�WKH�ULYHU���7KH�SXUSRVH�RI�WKH�WLGH�JDWH�ZDV�WR
DOWHU�IORZV�LQ�WKH�GLVWULEXWDU\�QHWZRUN�RI�WKH�HVWXDU\�WR�UHGXFH�VHGLPHQWDWLRQ�LQ�WKH
+DUERU·V�QDYLJDWLRQ�FKDQQHO�DQG�SURYLGH�D�VHGLPHQW�WUDS�RXWVLGH�WKH�QDYLJDWLRQ
FKDQQHO���$V�VWDWHG�SUHYLRXVO\��RSHUDWLRQ�RI�WKH�WLGH�JDWH�LQFUHDVHG�VDOLQLW\�ZLWKLQ
WKH�%DFN�5LYHU��D�VSDZQLQJ�DUHD�IRU�VWULSHG�EDVV��

7R�GDWH��WKH�PLWLJDWLRQ�HIIRUWV�IRU�VWULSHG�EDVV�KDYH�QRW�UHVWRUHG�WKH�KLVWRULF�OHYHO�RI
VSDZQLQJ���7KHUH�KDV�QRW�EHHQ�DQ\�HYLGHQFH�WR�VXJJHVW�WKDW�WKH�VWULSHG�EDVV
UHORFDWHG�WKHLU�VSDZQLQJ�XSVWUHDP�ZLWKLQ�WKH�HVWXDU\�RU�WR�ULYHULQH�DUHDV
LPPHGLDWHO\�DERYH�WKH�HVWXDU\���$�VWXG\�ZDV�FRQGXFWHG�IURP������WR�������9DQ�'HQ
$Y\OH�HW�DO���������WR�HYDOXDWH�WKH�HIIHFWV�RI�WKH�WLGH�JDWH�RQ�VWULSHG�EDVV���7KH
FRQFOXVLRQV�RI�WKH�VWXG\�ZHUH�DV�IROORZV�

6WULSHG�%DVV�HJJ�SURGXFWLRQ�LQ�WKH�6DYDQQDK�(VWXDU\�GHFOLQHG�DSSUR[LPDWHO\
���SHUFHQW�VLQFH�WKH�WLGH�JDWH�ZHQW�LQWR�RSHUDWLRQ�LQ������

7KH�SULQFLSDO�DGYHUVH�LQIOXHQFHV�ZHUH��D��LQFUHDVHG�VDOLQLW\�RQ�WKH�VSDZQLQJ
JURXQGV��DQG��E��DOWHUDWLRQ�RI�FXUUHQW�YHORFLWLHV�DQG�SDWKZD\V�RI�ZDWHU�PRYHPHQW�LQ
WKH�PLGGOH�DQG�ORZHU�HVWXDU\���)LVK�HJJV�ZHUH�IOXVKHG�RXW�LQWR�WKH�PDLQ�ULYHU�QHDU
DQG�DERYH�WR[LF�VDOLQH�ZDWHUV���7KH�JUHDWHVW�LQIOXHQFH�RQ�UHGXFHG�VSDZQLQJ�ZDV
EHOLHYHG�WR�EH�WKH�KLJK�VDOLQLW\�LQ�WKH�WUDGLWLRQDO�VSDZQLQJ�DUHDV��ZKLFK�VHYHUHO\
UHGXFHG�HJJ�SURGXFWLRQ���$�VHFRQGDU\�LQIOXHQFH�ZDV�WKDW�WKH�UHGXFHG�HJJ
SURGXFWLRQ�ZDV�VXEMHFW�WR�GHFUHDVHG�WUDYHO�WLPH�WR�VDOLQH�ZDWHUV��

6WULSHG�EDVV�FRQWLQXHG�WR�XVH�WKH�VDPH�SUH�WLGH�JDWH�DUHDV�IRU�VSDZQLQJ��EXW�WKH
DPRXQW�RI�VSDZQLQJ�ZDV�UHGXFHG���+LJKHU�YHORFLWLHV�WUDQVSRUWHG�WKH�ODUYDH�WR�DUHDV
ZLWK�KLJK�VDOLQLWLHV���$V�D�UHVXOW��PRVW�HJJV�ZRXOG�HQFRXQWHU�QHDU�WR[LF�VDOLQH�OHYHOV
ZLWKLQ���WR����KRXUV�RI�VSDZQLQJ�DQG�OHYHOV�WKDW�H[FHHGHG�WKH�WR[LF�OLPLW�ZLWKLQ���
WR����KRXUV���6WULSHG�EDVV�HJJV�ZRXOG�EH�WUDQVSRUWHG�WR�WKH�)URQW�5LYHU�+DUERU�DUHD
LQ���WR����KRXUV�DQG�EH\RQG�+XWFKLQVRQ�,VODQG�LQ����WR����KRXUV�DW�ULYHU�GLVFKDUJHV
RI�������WR�������FXELF�IHHW�SHU�VHFRQG��

$IWHU�FORVLQJ�WKH�WLGH�JDWH�LQ�������86$&(�IXQGHG�D�VWXG\�E\�5HLQHUW�HW�DO��������WR
������WR�GHWHUPLQH�WKH�WLPLQJ�RI�VWULSHG�EDVV�VSDZQLQJ��WKH�VSDWLDO�GLVWULEXWLRQ�RI
HJJV�DQG�ODUYDH��DQG�WUDQVSRUW�RI�VSDZQHG�HJJV�WKURXJKRXW�WKH�HVWXDU\��7��5HLQHUW
HW�DO�����������6DPSOLQJ�ZDV�FRQGXFWHG�DW����IL[HG�VWDWLRQV�WKURXJKRXW�WKH�HVWXDU\�WR
GHWHUPLQH�WKH�VSDWLDO�DQG�WHPSRUDO�H[WHQW�RI�VWULSHG�EDVV�VSDZQLQJ���)ORDW�VWXGLHV
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ZHUH�XVHG�DW�WKHVH�VDPH�VLWHV�WR�VLPXODWH�UDWHV�RI�HJJ�DQG�ODUYDO�WUDQVSRUW���+DELWDW
VXLWDELOLW\�ZDV�PRQLWRUHG�E\�FRQGXFWLQJ�VDOLQLW\�SURILOHV�LQ�FRQMXQFWLRQ�ZLWK�HJJ
VDPSOLQJ��

$Q�LPSRUWDQW�ILQGLQJ�ZDV�WKDW�OLWWOH�VSDZQLQJ�ZDV�GHWHFWHG�LQ�WKH�KLVWRULFDOO\
SURGXFWLYH�%DFN�5LYHU�DUHD���6SDZQLQJ�ZDV�RFFXUULQJ�LQ�WKH�XSSHU�HVWXDU\�DQG
IXUWKHU�XSULYHU���(JJV�ZHUH�FDXJKW�DV�HDUO\�DV�0DUFK����EXW�PRVW�HJJV�������SHUFHQW�
ZHUH�FDSWXUHG�IURP�0DUFK����WR�0D\����HDFK�\HDU��

5HFHQW�GDWD�VXJJHVW�WKDW�VDOLQLW\�OHYHOV�LQ�WKH�WUDGLWLRQDO�VSDZQLQJ�DUHD�KDYH
UHWXUQHG�WR�ZKDW�KDV�EHHQ�GHVFULEHG�E\�UHVHDUFKHUV�DV�WKHLU�´KLVWRULFµ��L�H���SUH�WLGH
JDWH��OHYHOV��SHUVRQDO�FRPPXQLFDWLRQ�IURP�7��5HLQHUW����+RZHYHU��VDOLQLW\�GDWD�IURP
WKH�VXPPHU��ORZ�IORZ�ILHOG�PRQLWRULQJ�XQGHUWDNHQ�LQ������IRU�WKLV�VWXG\��LQGLFDWH
WKDW�WKRXJK�WKH�VDOLQLW\�LQ�WKLV�DUHD�ZDV�RIWHQ�ZHOO�EHORZ�����SSW��WKHUH�ZHUH
RFFDVLRQV�ZKHQ�VDOLQLW\�DW�WKH�86):6�'RFN�VWDWLRQ��RQ�WKH�/LWWOH�%DFN�5LYHU�
H[FHHGHG���SSW���$�IL[HG�SRLQW��VXFK�DV�����SSW��GRHV�QRW�\LHOG�VLJQLILFDQW�LQIRUPDWLRQ
LQ�OLJKW�RI�WKH�G\QDPLF�WLGDO�DQG�IORZ�FRQGLWLRQV�RI�WKH�HVWXDULQH�DUHD���2IWHQ��UDQJHV
RI�VDOLQLW\�FRQFHQWUDWLRQV��ZKLFK�RFFXU�XQGHU�JLYHQ�WLGDO�DQG�IORZ�FRQGLWLRQV�DUH�PRUH
PHDQLQJIXO�DV�VWDWLVWLFDO�SUREDELOLWLHV���,Q�WKLV�ZD\��E\�NQRZLQJ�WKH�SUREDELOLW\�RI�D
FHUWDLQ�UDQJH�RI�VDOLQLW\�XQGHU�D�JLYHQ�VHW�RI�IORZ�DQG�WLGH�FRQGLWLRQV��DQ�DSSURDFK
WDNHQ�LQ�WKLV�VWXG\��RQH�FDQ�EHWWHU�XQGHUVWDQG�WKH�DFWXDO�FRQGLWLRQV�WKDW�WKH�VWULSHG
EDVV�ZRXOG�EH�OLNHO\�WR�IDFH�GXULQJ�VSDZQLQJ�DQG�RWKHU�OLIH�SKDVHV��

5HLQHUW�HW�DO��������WR�������FRQFOXGHV�WKDW�WKH�WUDGLWLRQDO�VSDZQLQJ�DUHD�LQ�WKH�%DFN
5LYHU�VHHPV�WR�KDYH�VXLWDEOH�VDOLQLW\�OHYHOV�DQG�IORZ�SDWWHUQV�IRU�VSDZQLQJ�
DOWKRXJK�IHZ�HJJV�ZHUH�FROOHFWHG�WKHUH���)ORDW�VWXGLHV�LQGLFDWHG�WKDW�HJJV�VSDZQHG
LQ�WKH�)URQW�5LYHU�DUHDV��50����WR�����ZRXOG�EH�DW�ULVN�GXH�WR�WKHLU�UDSLG�GRZQULYHU
WUDQVSRUW�WR�WKH�KDUERU�DUHD�ZKHUH�WKH\�FRXOG�EH�H[SRVHG�WR�DUHDV�RI�KLJK�VDOLQLW\��
&RQYHUVHO\��HJJV�VSDZQHG�LQ�WKH�XSSHU�%DFN�5LYHU�DUHD��%DFN�5LYHU�5LYHU�0LOHV����
DQG�DERYH��ZRXOG��GXULQJ�SHULRGV�RI�ORZ�ULYHU�GLVFKDUJH��UHPDLQ�LQ�WKH�%DFN�5LYHU��

����� 6SDZQLQJ��-XYHQLOH��DQG�1XUVHU\�+DELWDW

6SDZQLQJ�SUHVHQWO\�RFFXUV�LQ���DUHDV�RI�WKH�6DYDQQDK�5LYHU��WKH�KLVWRULF�EUHHGLQJ
JURXQGV�ZLWKLQ�/LWWOH�%DFN�DQG�%DFN�5LYHUV��50����WR������)URQW�5LYHU��50����WR����
DQG�DERYH��DQG�0LGGOH�5LYHU���0RVW�RI�WKH�HJJ�SURGXFWLRQ��DSSUR[LPDWHO\���
SHUFHQW�������WR��������SUHVHQWO\�RFFXUV�LQ�WKH�)URQW�5LYHU���+LVWRULFDOO\��%DFN�5LYHU
ZDV�WKH�VRXUFH�RI�WKH�YDVW�PDMRULW\�RI�VWULSHG�EDVV�HJJ�SURGXFWLRQ�
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7DEOH������(JJV�&ROOHFWHG�LQ�6DYDQQDK�5LYHU����������

6DPSOLQJ 5LYHU (JJV <HDUV
6WDWLRQ 0LOH ���� ���� ���� &RPELQHG 3HUFHQW

)URQW�5LYHU � � � � � ��
�� � � � � ��
�� � �� �� �� �
�� ��� �� �� ��� ��
�� ��� �� �� ��� ��
�� �� �� �� ��� ��

%DFN�5LYHU �� � � � � ��
�� � � � � ��
�� � �� � �� �

0LGGOH
5LYHU

�� � �� � �� �

727$/ ��� ��� ��� ��� ���

6RXUFH���5HLQHUW�HW�DO��������

$������VWXG\��:DOOLQ�HW�DO���������SURYLGHV�VRPH�LQIRUPDWLRQ�RQ�DUHDV�RI�WKH�ULYHU
DQG�HVWXDU\�WKDW�DUH�XVHG�DV�MXYHQLOH�DQG�QXUVHU\�KDELWDW���6HYHQW\�HLJKW�SHUFHQW�RI
WKH�´\RXQJ�RI�WKH�\HDU�µ�ZHUH�FROOHFWHG�LQ�WKH�%DFN�5LYHU�IURP�50����DQG������7KLV
DUHD�LV�WKRXJKW�WR�EH�WKH�SULPDU\�QXUVHU\�KDELWDW�IRU�MXYHQLOH�VWULSHG�EDVV���(LJKW
SHUFHQW�ZHUH�FROOHFWHG�LQ�WKH�0LGGOH�5LYHU�DQG����SHUFHQW�LQ�WKH�6DYDQQDK�5LYHU
IURP�5LYHU�0LOHV������WR��������7KH�GLVWULEXWLRQ�RI�WKHVH�ILVK�ZDV�IRXQG�WR�EH�VWURQJO\
FRUUHODWHG�ZLWK�VDOLQLW\������SHUFHQW�RI�DOO�MXYHQLOHV�ZHUH�FDSWXUHG�LQ�DUHDV�KDYLQJ�D
VDOLQLW\�OHVV�WKDQ�RU�HTXDO�WR�����SSW�DW�WKH�WLPH�RI�VDPSOLQJ���1R�ILVK�ZHUH�FDSWXUHG
DW�D�VDOLQLW\�RI�����SSW�RU�JUHDWHU���7KH�VLWHV�LQ�ZKLFK�\RXQJ�RI�WKH�\HDU�ZHUH�FDSWXUHG
ZHUH�ORFDWHG�QHDU�DUHDV�WKDW�KDG�]HUR�VDOLQLW\�GXULQJ�ORZ�WLGH���7KH�DXWKRUV�RI�WKH
VWXG\�KDYH�K\SRWKHVL]HG�WKDW�MXYHQLOHV�PD\�VHOHFW�WKLV�DUHD�EHFDXVH�RI�DEXQGDQW
IRRG�UHVRXUFHV��SUHGDWRU�DYRLGDQFH��RU�WR�LQFUHDVH�JURZWK�E\�PLQLPL]LQJ�PHWDEROLF
GHPDQGV��

*LYHQ�WKH�LPSRUWDQFH�RI�WKH�VDOWZDWHU�IUHVKZDWHU�WUDQVLWLRQ�]RQH�IRU�WKH�VWULSHG
EDVV��DQG�WKH�SURWHFWLRQ�RI�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�KDELWDW��LW�LV�LPSRUWDQW�WKDW
WKH�ORZHU�DQG�XSSHU�ERXQGDULHV�RI�WKH�WUDQVLWLRQ�]RQH�EH�LGHQWLILHG���+RZHYHU��LW
VKRXOG�EH�QRWHG�IURP�WKH�RXWVHW�WKDW�WKH�ERXQGDU\�LV�QRW�D�VWDWLF�SRLQW��EXW�UDWKHU�D
G\QDPLF�]RQH�LQ�ZKLFK�D�JUDGXDO�WUDQVLWLRQ�LQ�VDOLQLW\�RFFXUV���7KH�ORFDWLRQ�RI�WKLV
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WUDQVLWLRQ�]RQH�IOXFWXDWHV�DFFRUGLQJ�WR�WLGDO�DQG�IORZ�FRQGLWLRQV���,Q�DGGLWLRQ��GXH�WR
WKH�LQFUHDVHG�GHQVLW\�RI�VDOWZDWHU��D�YHUWLFDO�VWUDWLILFDWLRQ�FDQ�RFFXU�DW�D�JLYHQ
ORFDWLRQ�ZKHUH�IUHVKZDWHU�H[LVWV�DERYH�VDOWZDWHU���,Q�WKH�IORZLQJ�ZDWHU�RI�ULYHU��D
GHQVLW\�LQGXFHG�ZHGJH�FDQ�GHYHORS�EHWZHHQ�IUHVKZDWHU�DQG�VDOWZDWHU���7KLV
´ZHGJHµ�PD\�EH�GHILQHG�GLIIHUHQWO\�IRU�GLIIHUHQW�VSHFLHV�RI�FRQFHUQ��DQG
IXUWKHUPRUH��WKH�GHWHUPLQDWLRQ�RI�ZKHWKHU�ERWWRP�RU�VXUIDFH�VDOLQLW\�LV�RI�HTXDO�RU
JUHDWHU�LPSRUWDQFH�IRU�D�JLYHQ�VSHFLHV�PXVW�EH�HVWDEOLVKHG���)RU�H[DPSOH��D�VDOLQLW\
OHVV�WKDQ�����SSW�LV�WKRXJKW�WR�EH�QHFHVVDU\�IRU�WKH�UHHVWDEOLVKPHQW�RI�WLGDO
IUHVKZDWHU�ZHWODQGV��WKHUHIRUH�WKH�´ZHGJHµ��LQ�WKLV�FDVH��LV�WKH�PRYHPHQW�RI�WKH
WUDQVLWLRQ�]RQH�WKDW�H[WHQGV�IURP���WR�����SSW�XQGHU�D�VHW�RI�JLYHQ�IORZ�DQG�WLGH
FRQGLWLRQV���7KH�FULWLFDO�VDOLQLW\�IRU�VWULSHG�EDVV�VSDZQLQJ�LQ�WKH�6DYDQQDK�5LYHU�KDV
EHHQ�UHSRUWHG�WR�UDQJH�IURP���WR���SSW���7KH�VDOLQLW\�WROHUDQFH�IRU�WKH�VKRUWQRVH
VWXUJHRQ�PD\�EH�FRQVLGHUDEO\�KLJKHU���,Q�RWKHU�ZRUGV��UDWKHU�WKDQ�WKLQNLQJ�LQ�WHUPV
RI�D�VLQJOH��VWDWLF�ZHGJH��LW�ZRXOG�SUREDEO\�EH�PRUH�DSSURSULDWH�WR�GHYHORS�RYHUOD\V
RI�GLIIHUHQW�ZHGJHV�IRU�HDFK�RI�WKH�WDUJHWHG�VSHFLHV��RU�PRUH�EURDGO\��IRU�WKH�GLIIHUHQW
FRQWH[WV�RI�FRQFHUQ���7KLV�DSSURDFK�KDV�EHHQ�WDNHQ�LQ�WKH�K\GURG\QDPLF�PRGHOLQJ
VLPXODWLRQV��

%DVHG�RQ�WKH�UHVHDUFK�ILQGLQJV�GLVFXVVHG�DERYH��WKH�UHSRUW�UHFRPPHQGHG�WKDW
PDQDJHPHQW�RI�WKH�6DYDQQDK�HVWXDU\�LQFOXGH�SURWHFWLRQ�SURYLVLRQV�IRU�WKH�QXUVHU\
KDELWDW���7KH�DUHDV�FLWHG�IRU�SURWHFWLRQ�DV�QXUVHU\�DUHDV�DUH�VKRZQ�RQ�)LJXUH�����
DQG�LQFOXGH�

• %DFN�5LYHU�IURP�50����WR����

• (QWLUH�0LGGOH�5LYHU��DQG

• 6DYDQQDK�5LYHU�IURP�50����WR����

����� $GXOW�+DELWDW

$QRWKHU�VWXG\�FRPSOHWHG�LQ������LGHQWLILHG�ZLWK�JUHDWHU�DFFXUDF\�WKH�PLJUDWRU\
SDWWHUQV�RI�DGXOW�VWULSHG�EDVV�LQ�WKH�6DYDQQDK�5LYHU���6WULSHG�EDVV�ZHUH�LPSODQWHG
ZLWK�UDGLR�WUDQVPLWWHUV�DQG��XSRQ�UHOHDVH��WKHLU�PRYHPHQWV�ZHUH�WUDFNHG�E\�ERDW
DQG�SODQH���7KH�UHVXOWV�VXJJHVW�WKDW�PRVW�ODUJH�VFDOH�VWULSHG�EDVV�PRYHPHQW�LQ�WKH
ULYHU�LV�JRYHUQHG�E\�WHPSHUDWXUH�DQG�VSDZQLQJ�UHODWHG�IDFWRUV���7KH�VHDVRQDO
SDWWHUQ�RI�PLJUDWLRQ�RI�ODUJH�VWULSHG�EDVV��JUHDWHU�WKDQ����SRXQGV��ZDV�DORQJ�WKH
IROORZLQJ�OLQHV�

• /DWH�ZLQWHU�HDUO\�VSULQJ���7KLV�LV�WKH�VSDZQLQJ�VHDVRQ���$GXOWV�ZHUH�IRXQG�WR
UHVLGH�QHDU�RU�LQ�WKH�HVWXDU\�QHDU�LWV�WUDGLWLRQDO�VSDZQLQJ�JURXQGV���7KH���SUH�
VSDZQLQJ�RU�VSDZQLQJ�DUHDV�ZHUH�WKH�%DFN�5LYHU�DQG�WKH�6DYDQQDK�5LYHU�MXVW
XSVWUHDP�RI�WKH�HVWXDU\��50����WR��������

• /DWH�VSULQJ�DQG�VXPPHU���8SULYHU�PLJUDWLRQ�RFFXUV�DV�WKH�ILVK�VHDUFK�IRU�FRROHU�
WKHUPDO�UHIXJH�ZDWHUV���$�PLJUDWLRQ�GLVWDQFH�RI�����WR�����PLOHV�ZDV�WUDYHUVHG
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RYHU�D����WR���ZHHN�SHULRG���7KH�VWXG\�IRXQG�WKDW�WKH�ORZHU�6DYDQQDK�5LYHU
WHPSHUDWXUH�ZDV��°&�ZDUPHU�������°)��WKDQ�WKH�XSVWUHDP�ORFDWLRQ�DW�50����
�1HZ�6DYDQQDK�%OXII�/RFN�DQG�'DP�EHORZ�$XJXVWD���

• )DOO���'RZQULYHU�PLJUDWLRQ�LQWR�WKH�HVWXDU\�RU�LQ�DUHDV�RI�VXIILFLHQWO\�VDOLQH
ZDWHUV�WKDW�DWWHQXDWHG�WKH�UDGLR�WUDQVPLVVLRQ��

6PDOO�VWULSHG�EDVV�ZHLJKLQJ�IURP�����WR�����SRXQGV������NJ�WR�����NJ��ZHUH�OHVV
FRQVWUDLQHG�E\�WHPSHUDWXUH�WKDQ�ZHUH�ODUJHU�ILVK�DQG�UDQJHG�WKURXJKRXW�WKH�ULYHU
GXULQJ�VXPPHU�DQG�IDOO���,Q�WKH�ZLQWHU�DQG�HDUO\�VSULQJ��WKHVH�VPDOOHU�ILVK�ZHUH�DOVR
IRXQG�LQ�WKH�HVWXDU\��)URQW��0LGGOH��DQG�%DFN�5LYHUV���

����� ([LVWLQJ�&RQFHUQV

$V�SUHYLRXVO\�VWDWHG��UHFHQW�GDWD�VXJJHVW�WKDW�WKH�VDOLQLW\�LQ�WKH�%DFN�5LYHU
VSDZQLQJ�DUHD�KDV�UHWXUQHG�WR�LWV�SUH�WLGH�JDWH�OHYHO��ZKLFK�UHVHDUFKHUV�KDYH
UHSRUWHG�DV�EHLQJ�OHVV�WKDQ�����SSW���+RZHYHU��WKLV�UHGXFWLRQ�LQ�VDOLQLW\�KDV�QRW�\HW
WUDQVODWHG�LQWR�LQFUHDVHG�VSDZQLQJ���7KHUH�LV�QR�FRQVHQVXV�DV�WR�WKH�UHDVRQV�ZK\
WKHUH�LV�D�FRQWLQXLQJ�ODFN�RI�VSDZQLQJ��HYHQ�WKRXJK�WKH�IORZ�SDWWHUQV�DQG�WKH
VDOLQLW\�DUH�UHSRUWHG�WR�EH�VLPLODU�WR�WKHLU�KLVWRULF�FRQGLWLRQV���6WRFNLQJ��ZKLFK�KDV
EHHQ�RQJRLQJ�VLQFH�������KDV�OHG�WR�D�VL]DEOH�SRSXODWLRQ�ZLWKLQ�WKH�ULYHU��EXW�WKLV�KDV
QRW�EHHQ�DFFRPSDQLHG�E\�LQFUHDVHG�HJJ�SURGXFWLRQ���2QH�UHDVRQ�PD\�EH�WKDW�D
PDWXUH�DGXOW��HVSHFLDOO\�IHPDOH�SRSXODWLRQ�KDV�QRW�\HW�HVWDEOLVKHG�LWVHOI�LQ�WKH�ULYHU�
�7KLV�FRQFOXVLRQ��KRZHYHU��FDQQRW�EH�FRQILUPHG�VLQFH�WKH�DJH�GLVWULEXWLRQ�RI�WKH�ILVK
WKDW�KDYH�EHHQ�VWRFNHG�VLQFH������LV�QRW�NQRZQ���86$&(�LV�IXQGLQJ�D�VWXG\�WR
JDWKHU�WKDW�LQIRUPDWLRQ�GXULQJ�WKH������VSDZQLQJ�VHDVRQ���7KH�IDWH�RI�HDFK�\HDU·V
VWRFNLQJ�SRSXODWLRQ�DQG�WKH�VXUYLYDO�UDWH�RI�HDFK�\HDU·V�UHOHDVHG�VWRFN�LV�XQNQRZQ��
)XUWKHUPRUH��WKH�QXPEHU�RI�VH[XDOO\�PDWXUH�IHPDOHV�RU�WKHLU�IHFXQGLW\�LQ�WKH�ULYHU�LV
XQNQRZQ�DW�WKLV�WLPH�DV�ZHOO���5HVROXWLRQ�RI�VWULSHG�EDVV�KDELWDW�LVVXHV�PD\�UHTXLUH
D�PRUH�GHWDLOHG�DQG�GLIIHUHQWLDWHG�XQGHUVWDQGLQJ�RI�ZDWHU�TXDOLW\�FRQGLWLRQV��ZKLFK
WDNHV�LQWR�DFFRXQW�QRW�RQO\�VDOLQLW\�FRQFHQWUDWLRQ�OHYHOV��EXW�DOVR�WKHLU�IUHTXHQF\�
GXUDWLRQ��DQG�H[WHQW�

��� )ORUD�DQG�)DXQD

7KLV�VHFWLRQ�GHVFULEHV�WKH�IORUD�DQG�IDXQD�ZLWKLQ�WKH�DIIHFWHG�HQYLURQPHQW��ZLWK
VSHFLDO�DWWHQWLRQ�JLYHQ�WR�ELRORJLFDO�UHVRXUFHV�RI�NQRZQ�FRQFHUQ���7KHVH�LQFOXGH
ZLOGOLIH�UHVRXUFHV��WKUHDWHQHG�DQG�HQGDQJHUHG�VSHFLHV��DQG�OLVWHG�SURWHFWHG�VSHFLHV
IRU�*HRUJLD�DQG�6RXWK�&DUROLQD�

����� :LOGOLIH�5HVRXUFHV

7KH�61:5�LV�ORFDWHG�RQ�WKH�XSSHUPRVW�UHDFKHV�RI�6DYDQQDK�+DUERU�DQG
HQFRPSDVVHV�ERWK�LPSRXQGHG�DQG�XQLPSRXQGHG�ZHWODQGV�DQG�PDUVKHV���7KH
61:5�FRQVLVWV�RI��������DFUHV�RI�SDOXVWULQH�IRUHVWHG�ZHWODQGV��SDOXVWULQH�DQG
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HVWXDULQH�HPHUJHQW�ZHWODQGV��SDOXVWULQH�VFUXE�VKUXE�ZHWODQGV��ULYHULQH�ZHWODQGV�
PDQDJHG�ZDWHUIRZO�LPSRXQGPHQWV�DQG�XSODQGV���6RPH�KLJK�JURXQG�KDELWDW�FDQ�EH
IRXQG�DORQJ�WKH�LPSRXQGPHQW�GLNHV�DQG�RQ�VFDWWHUHG�KDPPRFNV�WKURXJK�WKH
61:5���7KLV�IDFLOLW\�VHUYHV�DV�D�ZLQWHULQJ�DUHD�IRU�WKRXVDQGV�RI�ZDWHUIRZO�DQG
ZDGLQJ�ELUGV�HDFK�\HDU���0LJUDWRU\�ZDUEOHUV�DOVR�SDVV�WKURXJK�WKLV�DUHD�WR�DQG�IURP
WKHLU�ZLQWHU�DQG�VXPPHU�KDELWDWV���7KH�61:5�SURYLGHV�IHHGLQJ�DQG�QHVWLQJ�KDELWDW
IRU�ZRRG�GXFNV�DQG�PDQ\�VSHFLHV�RI�ZDGLQJ�ELUGV��DQG�KDELWDW�IRU�VHYHUDO
HQGDQJHUHG�RU�WKUHDWHQHG�VSHFLHV���'HHU��IHUDO�KRJ��RWWHU��PDUVK�UDEELWV��PLQN�
UDFFRRQ��RSRVVXP��DQG�RWKHU�PDPPDOV�FDQ�EH�IRXQG�\HDU�URXQG�LQ�WKH�DUHD��
$OOLJDWRUV��IURJV��VHYHUDO�VSHFLHV�RI�WXUWOHV��DQG�VQDNHV�DOVR�LQKDELW�WKH�61:5��
7KURXJKRXW�WKH�\HDU��QDWXUDOLVWV��SKRWRJUDSKHUV��ELUGZDWFKHUV�DQG�RWKHU�YLVLWRUV�FDQ
ILQG�D�ULFK�DUUD\�RI�VSHFLHV�LQKDELWLQJ�RU�PLJUDWLQJ�WKURXJK�WKLV�ZLOGOLIH�UHIXJH��
$SSUR[LPDWHO\�����VSHFLHV�RI�ELUGV�KDYH�EHHQ�REVHUYHG�DW�WKH�61:5�

3ULYDWH�ODQGKROGLQJV�GRZQVWUHDP�DQG�DGMDFHQW�WR�WKH�61:5�RQ�WKH�6RXWK�&DUROLQD
VLGH�DOVR�SURYLGH�KDELWDW�IRU�VSHFLHV�VLPLODU�WR�WKRVH�IRXQG�DW�WKH�61:5���7KHVH
DUHDV�DUH�PDQDJHG�SULPDULO\�IRU�KXQWLQJ�DQG�SURYLGH�KDELWDW�IRU�GHHU��TXDLO��KRJV�
ZDWHUIRZO��VQLSH��DQG�GRYHV���$OOLJDWRUV�DQG�RWKHU�UHSWLOHV�DQG�DPSKLELDQV�DUH
IRXQG�RQ�WKHVH�ODQGV�ZLWK�QXPHURXV�VSHFLHV�RI�ELUGV�DQG�PDPPDOV���6HYHUDO
UHFUHDWLRQDOO\�LPSRUWDQW�QRQ�JDPH�ZLOGOLIH�VSHFLHV�XVH�WKHVH�ODQGV�LQ�ODUJH
QXPEHUV���5HG�WDLOHG�KDZNV��%XWHR�MDPDLFHQVLV���UHG�VKRXOGHUHG�KDZNV��%XWHR
OLQHDWXV���DQG�PDUVK�KDZNV��&LUFXV�F\DQHXV��DUH�IUHTXHQWO\�VHHQ�KXQWLQJ�RYHU�WKH
LPSRXQGPHQWV�DQG�PDUVKHV���7KH�F\SUHVV�JXP�VZDPS�RQ�WKH�QRUWKHUQ�SDUW�RI�WKH
DUHD�FRQWDLQV�D�ZDGLQJ�ELUG�URRNHU\�ZLWK�DSSUR[LPDWHO\�����QHVWV���6SHFLHV�XVLQJ
WKLV�DUHD�LQFOXGH�VQRZ\�HJUHW��(JUHWWD�WKXOD���DQKLQJD��$QKLQJD�DQKLQJD���\HOORZ�
FURZQHG�QLJKW�KHURQ��1\FWDQDVVD�YLRODFHD���EODFN�FURZQHG�QLJKW�KHURQ��1\FWLFRUD[
Q\FWLFRUD[���DQG�JUHDW�EOXH�KHURQ��$UGHD�KHURGLDV��

'UHGJHG�PDWHULDO�GLVSRVDO�DUHDV�XVHG�IRU�KDUERU�RSHUDWLRQV��JHQHUDOO\�ORFDWHG�RQ�WKH
QRUWK�VLGH�RI�6DYDQQDK�+DUERU��DUH�DOVR�LQKDELWHG�E\�QXPHURXV�VSHFLHV�RI�ZLOGOLIH
VLPLODU�WR�WKRVH�IRXQG�DW�WKH�61:5�DQG�VXUURXQGLQJ�DUHDV���1HVWLQJ�WHUQV�DQG
SORYHUV�FDQ�EH�IRXQG�RQ�WKH�PRUH�VDQG\�DUHDV�GXULQJ�VSULQJ�DQG�VXPPHU���:DGLQJ
ELUGV�DQG�VKRUH�ELUGV�FRQJUHJDWH�DQG�IHHG�DORQJ�WKH�FDQDOV�DQG�LQQHU�GLWFKHV��
'HSHQGLQJ�RQ�WKH�DPRXQW�RI�ZDWHU�DYDLODEOH�DQG�WLPH�RI�\HDU��ODUJH�QXPEHUV�RI
ZDWHUIRZO�FDQ�EH�IRXQG�LQ�WKH�LPSRXQGHG�GLVSRVDO�DUHDV���$�VHFWLRQ�RI�IRUPHU
GLVSRVDO�DUHD��'LVSRVDO�$UHD��6��LV�ZLWKLQ�WKH�61:5���7ZR�FRQILQHG�GLVSRVDO�DUHDV
WKDW�DUH�SUHVHQWO\�LQ�XVH�DUH�DOVR�SDUWLDOO\�ORFDWHG�ZLWKLQ�WKH�6DYDQQDK�&RDVWDO
5HIXJHV���'LVSRVDO�$UHD��$��ORFDWHG�DW�WKH�XSVWUHDP�HQG�RI�+XWFKLQVRQ�,VODQG��LV
RQH�RI�WKRVH�DUHDV�DV�LW�LV�ORFDWHG�LQ�WKH�61:5���7KH�-RQHV�2\VWHUEHG�,VODQG
'LVSRVDO�$UHD��FRQVLVWLQJ�RI�SRUWLRQV�RI�%LUG�,VODQG��&RFNVSXU�,VODQG��-RQHV�,VODQG�
DQG�2\VWHUEHG�,VODQG��LV�ORFDWHG�ZLWKLQ�WKH�7\EHH�,VODQG�1DWLRQDO�:LOGOLIH�5HIXJH��
7KDW�����DFUH�-RQHV�2\VWHUEHG�,VODQG�VLWH�VHUYHV�DV�D�UHVWLQJ�VSRW�IRU�SHOLFDQV�
VHDJXOOV��HJUHWV��KHURQV��DQG�RWKHU�ELUGV���1HVWLQJ�WHUQV�FODLP�D�SDUW�RI�WKH�5HIXJH�WR
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UDLVH�WKHLU�\RXQJ���)HUDO�KRJV��GHHU��UDFFRRQV��RSRVVXPV��RWWHUV��URGHQWV��DQG�RWKHU
PDPPDOV�DUH�DOVR�IRXQG�RQ�WKLV�VLWH�

����� 0LJUDWRU\�%LUGV

0DQ\�VSHFLHV�RI�PLJUDWRU\�ELUGV�XVH�WKH�KDUERU
V�XSODQG�&')V���$�YDULHW\�RI�ELUG
VSHFLHV�DUH�UHJXODUO\�REVHUYHG�LQ�WKH�VFUXE�RU�EUXVK�KDELWDW�WKDW�VXUURXQGV�WKH
&')V���7KDW�KDELWDW�LV�SUHVHQW��WR�VRPH�GHJUHH��RQ�RWKHU�XSODQGV�WKURXJKRXW
&KDWKDP�&RXQW\���+RZHYHU��WKH�H[LVWLQJ�&')V�SURYLGH�XQLTXH�KDELWDW�LQ�WKH�SURMHFW
DUHD�IRU�FHUWDLQ�VSHFLHV�RI�PLJUDWRU\�ELUGV���7KH�&')V�SURYLGH�QHVWLQJ�KDELWDW�IRU
RQO\�D�OLPLWHG�QXPEHU�RI�PLJUDWRU\�ELUG�VSHFLHV��EXW�WKRVH�VSHFLHV�LQFOXGH�VRPH�RI
VSHFLDO�FRQFHUQ�VXFK�DV�OHDVW�WHUQ��EODFN�QHFNHG�VWLOW��DQG�:LOVRQ
V�SORYHU���0DQ\
RWKHU�VSHFLHV�RI�ELUGV�XVH�WKH�&')V�RXWVLGH�WKH�EUHHGLQJ�VHDVRQ��VRPH�LQ�KLJK
QXPEHUV���7KHVH�DYLDQ�VSHFLHV�DUH�GLVFXVVHG�LQ�GHWDLO�LQ�WKH�IROORZLQJ�SDUDJUDSKV�LQ
��JURXSV���WKRVH�XVLQJ�WKH�&')V�IRU�QHVWLQJ�DQG�WKRVH�XVLQJ�VLWHV�RXWVLGH�WKH�QHVWLQJ
VHDVRQ�

%LUGV�ZKLFK�XVH�WKH�&')V�GXULQJ�WKH�EUHHGLQJ�VHDVRQ�FDQ�EH�EURNHQ�LQWR�WKH
IROORZLQJ����PDMRU�JURXSV�

�� /HDVW�WHUQ

�� %ODFN�QHFNHG�VWLOWV

�� :LOVRQ
V�SORYHU

�� :LOOHW

�� 1LJKWKDZN

�� .LOOGHHU

�� &RPPRQ�PRRUKHQ

�� 0RWWOHG�GXFN

�� 6SRUDGLF�8QFRPPRQ�1HVWHUV

��� 2WKHU�ELUGV

7KH�ILUVW���JURXSV�DUH�YDULRXV�VSHFLHV�WKDW�IUHTXHQWO\�EUHHG�DW�WKH�&')V���7KH�QLQWK
JURXS��6SRUDGLF�8QFRPPRQ�1HVWHUV��FRQVLVWV�RI�VSHFLHV�WKDW�DUH�NQRZQ�WR�EUHHG�DW
WKHVH�VLWHV��KRZHYHU��WKHLU�EUHHGLQJ�GRHV�QRW�RFFXU�UHJXODUO\���7KH�WHQWK�JURXS�
2WKHU�%LUGV��FRQVLVWV�RI�RWKHU�VSHFLHV�ZKLFK�QHVW�LQ�YHJHWDWLRQ�ORFDWHG�RQ�RU�RXWVLGH
WKH�GLNHV���7KHVH�JURXSV�DOVR�XVH�WKH�&')V�WR�YDU\LQJ�GHJUHHV�DV�UHVWLQJ�DQG�IHHGLQJ
DUHDV�

�� %LUGV�ZKLFK�XVH�WKH�&')V�GXULQJ�QRQ�EUHHGLQJ�SHULRGV��LQFOXGHV�QRQ�EUHHGLQJ
VSHFLHV�RFFXUULQJ�GXULQJ�WKH�VXPPHU�PRQWKV��FDQ�EH�EURNHQ�LQWR�WKH�IROORZLQJ��
PDMRU�JURXSV�
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�� 6KRUHELUGV

�� :DWHUIRZO��GXFNV��JHHVH��DQG�VZDQV�

�� +HURQV��HJUHWV��LELV��DQG�ZRRG�VWRUN

�� *XOOV�DQG�WHUQV

�� 2WKHU�ELUGV

6HYHUDO�GLVWLQFW�DUHDV�FRQVWLWXWH�WKH�H[LVWLQJ�PDMRU�ELUG�KDELWDW�IHDWXUHV�DW�WKH�PLGGOH
KDUERU�&')V���7KUHH�VDQG\�DUHDV�RI�DW�OHDVW���DFUHV�ZHUH�DYDLODEOH�DQG�XVHG�IRU
QHVWLQJ�E\�OHDVW�WHUQV�DQG�RWKHU�VSHFLHV�LQ��������1HVWLQJ�LV�WKRXJKW�WR�KDYH�EHHQ
PRUH�VXFFHVVIXO�LQ�WKH���QHZHU�DUHDV���1RQH�RI�WKH�DUHDV�DUH�LVRODWHG�IURP�SUHGDWRUV
DQG�WKH���QHZHU�VLWHV�DUH�H[SHFWHG�WR�EH�OHVV�VXFFHVVIXO�LQ�WKH�IXWXUH���$W�OHDVW���DFUHV
RI�VXFFHVVIXO�VDQG\�QHVWLQJ�DUHD�KDYH�EHHQ�SUHVHQW�HDFK�\HDU���$Q�DGGLWLRQDO�DUHD�RI
DW�OHDVW����DFUHV�RI�EODFN�QHFNHG�VWLOW�KDELWDW�LV�JHQHUDOO\�DYDLODEOH��DOWKRXJK�LW�LV
XVXDOO\�VXEMHFW�WR�GU\LQJ�DQG�QHVWLQJ�IDLOXUHV���$W�OHDVW�����DFUHV�RI�VSULQJ�DQG�IDOO
PLJUDQW�VKRUHELUG��IHHGLQJ�KDELWDW�KDV�EHHQ�DYDLODEOH��DQG�SUREDEO\�WKH�VDPH
DPRXQW�RI�ZLQWHU�ZDWHUIRZO�VKRUHELUG�KDELWDW�

$QDO\VHV�ZHUH�SUHYLRXVO\�SHUIRUPHG�WR�LGHQWLI\�WKH�DPRXQW�RI�DFUHDJH�RI�YDULRXV
ELUG�KDELWDWV�WKDW�RFFXU�IRU�VRPH�SHULRG�RI�WLPH�ZLWKLQ�HDFK�PLGGOH�KDUERU�&')��
7KRVH�DQDO\VHV�DUH�VXPPDUL]HG�LQ�7DEOH������

7DEOH������$FUHDJH�RI�%LUG�+DELWDW

0LGGOH�DQG�/RZHU�+DUERU�&RQILQHG�'LVSRVDO�)DFLOLWLHV

'LVSRVDO
$UHD

8VDEOH
6L]H

%DUH
*URXQG
1HVWLQJ

:HWODQG
1HVWLQJ

6KRUHELUG
)HHGLQJ

:DWHUIRZO
)HHGLQJ

��$ ����� �� �� ��� ��
��% ��� � �� ��� ��
��$ ��� ��� ��� �� �
��% ��� ��� �� �� ��
��$ ��� ��� ��� ��� ���
��% ��� ��� �� �� ��
-�� ��� ��� �� �� ��

727$/ ����� �� ��� ��� ���

1RWH� 8VDEOH�VL]H�ZDV�FDOFXODWHG�IURP������DHULDO�SKRWRJUDSKV���7KH�YDOXHV�VKRZQ�IRU
'LVSRVDO�$UHD���$�DUH�WKRVH�ZLWKLQ�WKH�DUHD�WR�EH�GLNHG�
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7KH�HVWXDULQH�PDUVKHV��ZKLFK�OLQH�WKH�6DYDQQDK�5LYHU�DW�ORFDWLRQV�DORQJ�LWV�HQWLUH
OHQJWK��DUH�DOVR�DUHDV�WKDW�VXSSRUW�ZLOGOLIH���&RUPRUDQWV��VHDJXOOV��PHUJDQVHUV�
KDZNV��KHURQV��HJUHWV��LELV��UDLOV��DQG�WHUQV�FDQ�EH�IRXQG�UHVWLQJ�DQG�IHHGLQJ�LQ�PDQ\
RI�WKHVH�DUHDV���'LDPRQGEDFN�WHUUDSLQV��DQG��RFFDVLRQDOO\��DOOLJDWRUV�DOVR�LQKDELW
WKHVH�HVWXDULQH�ZHWODQGV��DORQJ�ZLWK�VXFK�PDPPDOV�DV�RWWHUV��UDFFRRQV��DQG�PLQNV�

����� 7KUHDWHQHG�DQG�(QGDQJHUHG�6SHFLHV

7DEOH������LV�D�OLVW�RI�WKH�7KUHDWHQHG�RU�(QGDQJHUHG�6SHFLHV�WKDW�PD\�EH�IRXQG�LQ�WKH
6DYDQQDK�+DUERU�$UHD��&KDWKDP�&RXQW\��*HRUJLD���7KHVH�VSHFLHV�ZHUH�H[FHUSWHG
IURP�D�OLVW�SURYLGHG�E\�86):6���,Q�DFFRUGDQFH�ZLWK�6HFWLRQ���RI�WKH�(QGDQJHUHG
6SHFLHV�$FW�RI�������WKH�SUHVHQW�VWXG\�HYDOXDWHG�WKH�LPSDFWV�RI�WKH�SURSRVHG�DFWLRQ
RQ�WKUHDWHQHG�RU�HQGDQJHUHG�VSHFLHV�SRWHQWLDOO\�RFFXUULQJ�LQ�WKH�SURMHFW�DUHD�

7DEOH������)HGHUDOO\�/LVWHG�7KUHDWHQHG�DQG�(QGDQJHUHG�6SHFLHV

������
'LVWULEXWLRQ

6SHFLHV 6WDWXV LQ�*HRUJLD

0DPPDOV
:HVW�,QGLDQ�0DQDWHH��7ULFKHFKXV�PDQDWXV ( &RDVWDO�:DWHUV
)ORULGD�3DQWKHU��)HOLV�FRQFRORU�FRU\L ( (QWLUH�6WDWH
)LQEDFN�:KDOH��%DODHQRSWHUD�SK\VDOXV ( &RDVWDO�:DWHUV
+XPSEDFN�:KDOH��0HJDSWHUD�QRYDHDQJOLDH ( &RDVWDO�:DWHUV
5LJKW�:KDOH��(XEDODHQD�JODFLDOLV ( &RDVWDO�:DWHUV
6HL�:KDOH��%DODHQRSWHUD�ERUHDOLV ( &RDVWDO�:DWHUV
6SHUP�:KDOH��3K\VHWHU�FDWRGRQ ( &RDVWDO�:DWHUV

%LUGV
%DOG�(DJOH��+DOLEXWV�OHXFRFHUSKDOXV ( (QWLUH�6WDWH
3LSLQJ�3ORYHU��&KDUDGULXV�PHORGXV 7 &RDVW
:RRG�6WRUN��0\FWHULD�DPHULFDQD ( 6RXWKHDVWHUQ�6ZDPSV
%DFKPDQ
V�:DUEOHU��9HUPLYRUD�EDFKPDQLL ( (QWLUH�6WDWH
.LUWODQG
V�:DUEOHU��'HQGURLFD�NLUWODQGLL ( &RDVW
5HG�FRFNDGHG�:RRGSHFNHU��3LFRLGHV�ERUHDOLV ( (QWLUH�6WDWH

5HSWLOHV
$PHULFDQ�$OOLJDWRU��$OOLJDWRU�PLVVLVVLSSLHQVLV 7�6�$� &RDVWDO�3ODLQ
(DVWHUQ�,QGLJR�6QDNH��'U\PDUFKRQ�FRUDLV 7 6RXWKHDVW
.HPS
V�ULGOH\��$WODQWLF��7XUWOH�
�����/HSLGRFKHO\V�NHPSLL ( &RDVWDO�:DWHUV
*UHHQ�7XUWOH��&KHORQLD�P\GDV 7 &RDVWDO�:DWHUV
+DZNVELOO�7XUWOH��(UHWRPRFKHO\V�LPEULFDWH ( &RDVWDO�:DWHUV
/HDWKHUEDFN�7XUWOH��'HUPRFKHO\V�FRULDFHD ( &RDVWDO�:DWHUV
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/RJJHUKHDG�7XUWOH��&DUHWWD�FDUHWWD 7 &RDVWDO�:DWHUV

)LVKHV
6KRUWQRVH�6WXUJHRQ��$FLSHQVHU�EUHYLURVWUXP ( &RDVWDO�5LYHUV

������������������������������������������������������������������������������������������������������������

 $OOLJDWRUV�DUH�ELRORJLFDOO\�QHLWKHU�HQGDQJHUHG�QRU�WKUHDWHQHG���)RU�ODZ�HQIRUFHPHQW�SXUSRVHV
WKH\�DUH�FODVVLILHG�DV��7KUHDWHQHG�GXH�WR�VLPLODULW\�RI�DSSHDUDQFH����$OOLJDWRU�KXQWLQJ�LV
UHJXODWHG�LQ�DFFRUGDQFH�ZLWK�VWDWH�ODZ�
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7KH�IROORZLQJ�SDUDJUDSKV�GHVFULEH�WKH�KDELWDW�UHTXLUHPHQWV�RI�WKHVH�IHGHUDOO\�OLVWHG
VSHFLHV��DQG�WKH�SRWHQWLDO�IRU�RFFXUUHQFH�RI�WKHVH�VSHFLHV�LQ�WKH�LPPHGLDWH�SURMHFW
DUHD���%RWK�*3$·V�SURMHFW�WHDP�DQG�WKH�86$&(�UHYLHZHG�WKLV�LQIRUPDWLRQ�DQG
HYDOXDWHG�WKH�SRWHQWLDO�IRU�WKH�SURSRVHG�DFWLRQ�WR�LPSDFW�WKHVH�VSHFLHV���7KDW
HYDOXDWLRQ�LV�FRQWLQXHG�LQ�(QFORVXUH�$��%LRORJLFDO�$VVHVVPHQW�RI�7UHDWHQHG�DQG
(QGDQJHUHG�6SHFLHV��RI�WKLV�'(,6�

������� 0DQDWHHV��7ULFKHFKXV�PDQDWXV�

0DQDWHHV�LQKDELW�VOXJJLVK�ULYHUV��VKHOWHUHG�PDULQH�ED\V��DQG�VKDOORZ�HVWXDULHV�
HDWLQJ�PRVW�DTXDWLF�SODQWV�DQG�DQ\�WHUUHVWULDO�SODQWV�WKH\�FDQ�UHDFK���5HFRUGV�LQ
*HRUJLD�DUH�SULPDULO\�UDQGRP�VLJKWLQJV�DQG�FDUFDVV�ILQGV�DQG�DUH�QRW�WKH�UHVXOW�RI
V\VWHPDWLF�UHVHDUFK���6\VWHPDWLF�DHULDO�VXUYH\V�ZHUH�LQLWLDWHG�LQ�������DQG�VLJKW
UHFRUGV�KDYH�EHHQ�LQFUHDVLQJ�LQ�VRXWK�*HRUJLD�LQ�UHFHQW�\HDUV���7KH�86):6�KDV
UHSRUWHG�WKDW�VHYHUDO�ZHUH�REVHUYHG�LQ�WKH�KDUERU�LQ�WKH�VXPPHU�RI��������7KH
*HRUJLD�SRSXODWLRQ�LV�SULPDULO\�PLJUDWRU\�LQ�QDWXUH�DQG��WKHUHIRUH��IOXFWXDWHV�ZLWK
VHDVRQ���7KH�PDMRULW\�DUH�VLJKWHG�VRXWKZDUG�DORQJ�WKH�*HRUJLD�FRDVW�IURP�&KDWKDP
&RXQW\�WRZDUG�)ORULGD���0DQDWHHV�KDYH�EHHQ�REVHUYHG�LQIUHTXHQWO\�LQ�WKH�6DYDQQDK
5LYHU�DV�IDU�XSVWUHDP�DV�WKH�.,7%��5DWKEXUQ�HW�DO����������KRZHYHU��WKHVH�RFFXUUHQFH
DUH�UDUH���0DQDWHHV�DUH�IRXQG�LQ�*HRUJLD�DQG�6RXWK�&DUROLQD�PDLQO\�GXULQJ�WKH
ZDUPHU�PRQWKV�RI�WKH�\HDU���+DUERU�GUHGJLQJ�FRQGXFWHG�GXULQJ�WKH�ZLQWHU�ZRXOG
EH�OHVV�OLNHO\�WR�KDUP�WKHVH�PDPPDOV���+RZHYHU��ZKHQ�GUHGJLQJ�RFFXUV�GXULQJ�WKH
VXPPHU��SUHFDXWLRQV�WR�DYRLG�LQMXULQJ�DQ\�DQLPDO�SUHVHQW�DUH�LPSOHPHQWHG���7KH
86$&(�FRRUGLQDWHV�ZLWK�WKH�86):6�FRQFHUQLQJ�ZKDW�SUHFDXWLRQV�VKRXOG�EH
LQFOXGHG�LQ�WKH�86$&(·V�GUHGJLQJ�FRQWUDFWV�WR�HQVXUH�WKLV�VSHFLHV�LV�QRW�LPSDFWHG
E\�WKRVH�RSHUDWLRQV���6XFK�SUHFDXWLRQV�W\SLFDOO\�LQFOXGH�WKH�IROORZLQJ�

• ,QVWUXFWLRQ�RI�SHUVRQQHO�DVVRFLDWHG�ZLWK�GUHGJLQJ�RI�WKH�SRVVLEOH�SUHVHQFH�RI
PDQDWHHV�DQG�WKH�QHHG�WR�DYRLG�WKH�DQLPDOV�

• 2SHUDWLRQ�RI�WKH�YHVVHOV�DVVRFLDWHG�ZLWK�WKH�SURMHFW�DW��QR�ZDNH��VSHHGV�DW�DOO
WLPHV�ZKHQ�LQ�ZDWHUV�SURYLGLQJ�YHVVHO�GUDIWV�OHVV�WKDQ���IHHW�IURP�WKH�ERWWRP�

• %RDWV�XVHG�WR�WUDQVSRUW�SHUVRQQHO�ZLOO�EH�VKDOORZ�GUDIW�YHVVHOV��ZKHUH
QDYLJDWLRQ�VDIHW\�SHUPLWV��DQG�ZLOO�IROORZ�URXWHV�RI�GHHS�ZDWHU�WR�WKH�H[WHQW
SRVVLEOH�

• 'HVLJQDWHG�HQGDQJHUHG�VSHFLHV�ZDWFKHUV�ZLOO�EH�SRVWHG�LQ�HDFK�ERDW��DQG
FRQWUDFWRUV�ZLOO�NHHS�D�ORJ�GHWDLOLQJ�DOO�PDQDWHH�VLJKWLQJV��FROOLVLRQV��GHDWKV��RU
LQMXULHV�GXULQJ�WKH�FRQWUDFW�SHULRG���

������� %DOG�(DJOH��+DOLEXWV�OHXFRFHSKDOXV�

%DOG�HDJOHV�DUH�IRXQG�LQ�WKH�6DYDQQDK�+DUERU�DUHD���7KH\�KDYH�EHHQ�REVHUYHG
UHVWLQJ�DQG�KXQWLQJ�LQ�WKH�GUHGJHG�PDWHULDO�GLVSRVDO�DUHDV�QRUWK�RI�6DYDQQDK���$
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UHFHQW�KLJK�QXPEHU�RI���LQGLYLGXDOV�ZHUH�VHHQ�IO\LQJ�RYHU�WKH�&')V�RQ�1RYHPEHU
�����������7ZR�DFWLYH�QHVWV�DUH�ORFDWHG�DW�WKH�61:5�DQG�VHYHUDO�HDJOHWV�KDYH�EHHQ
IOHGJHG�IURP�WKHVH�QHVWV�LQ�UHFHQW�\HDUV���%DOG�HDJOHV�KDYH�DOVR�QHVWHG�DORQJ�WKH
:ULJKW�5LYHU�QRUWK�RI�WKH�&')V���7KH�SURSRVHG�SODQ�ZRXOG�QRW�DIIHFW�WKH�H[LVWLQJ
QHVW�VLWHV�RU�DUHDV�LPPHGLDWHO\�DGMDFHQW�WR�WKHP���6WDQGLQJ�ZDWHU�LQ�WKH�&')V�LV�XVHG
E\�ZDWHUIRZO�LQ�WKH�ZLQWHU�DQG�GXULQJ�WKHLU�PLJUDWLRQV��DQG�HDJOHV�ZLOO�IHHG�RQ
ZDWHUIRZO���7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR�DGYHUVH�HIIHFW�RQ�WKLV
VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO�

������� (DVWHUQ�&RXJDUV��)HOLV�FRQFRORU�FRXJDU�

7KHUH�KDYH�EHHQ�QR�FRQILUPHG�VLJKWLQJV�RI�HDVWHUQ�FRXJDUV�LQ�WKH�DUHD�RI�6DYDQQDK
+DUERU�LQ�UHFHQW�\HDUV���7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR�DGYHUVH�HIIHFW
RQ�WKLV�VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO��

������� .LUWODQGªV�:DUEOHU��'HQGURLFD�.LUWODQGLL�

7KLV�YHU\�UDUH�ZDUEOHU�EUHHGV�LQ�0LFKLJDQ�DQG�ZLQWHUV�LQ�WKH�%DKDPDV���,W�LV�D�UDUH
WUDQVLHQW�DORQJ�WKH�6RXWKHUQ�$WODQWLF�&RDVW��LQFOXGLQJ�*HRUJLD�DQG�6RXWK�&DUROLQD��
:H�DUH�DZDUH�RI�QR�HVWLPDWH�RI�WKH�QXPEHU�RI�LQGLYLGXDOV�PLJUDWLQJ�WKURXJK�WKH
VWDWH���,W�ZRXOG�EH�H[SHFWHG�WR�RFFXU�DV�D�YHU\�UDUH�PLJUDQW�LQ�FRDVWDO�VFUXE�DQG
IRUHVW�ODQG��HVSHFLDOO\�DIWHU�VWRUPV���7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR
DGYHUVH�HIIHFW�RQ�WKLV�VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO�

������� :RRG�6WRUN��0\FWHULD�DPHULFDQD�

:RRG�VWRUNV�DUH�NQRZQ�WR�IUHTXHQW�WKH�PRUH�SURWHFWHG�HVWXDULQH�DUHDV�RI�WKH�UHJLRQ
IRU�ERWK�IHHGLQJ�DQG�QHVWLQJ���:RRG�VWRUN�URRNHULHV�DUH�ORFDWHG�RQ�KDPPRFNV�DQG
DORQJ�WKH�HGJHV�RI�WKH�PDUVK�EHKLQG�WKH�EDUULHU�LVODQGV���7KLV�VSHFLHV�KDV�EHHQ
REVHUYHG�LQ�WKH�6DYDQQDK�+DUERU�DUHD��SDUWLFXODUO\�DW�WKH�61:5�DQG�LQ�WKH�:ULJKW
5LYHU�DGMDFHQW�WR�WKH�&')V���7KH\�RFFDVLRQDOO\�UHVW�ZLWKLQ�WKH�&')V�DQG�IHHG�WKHUH
ZKHQ�FRQGLWLRQV�DUH�ULJKW���$�UHFHQW�KLJK�QXPEHU�RI����LQGLYLGXDOV�ZHUH�REVHUYHG
IHHGLQJ�LQ�WKH�&')V�RQ�6HSWHPEHU������������7KHVH�ELUGV�KDYH�D�XQLTXH�IHHGLQJ
WHFKQLTXH�DQG�UHTXLUH�KLJKHU�SUH\�FRQFHQWUDWLRQV�WKDQ�RWKHU�ZDGLQJ�ELUGV���2SWLPDO
ZDWHU�UHJLPHV�IRU�WKH�ZRRG�VWRUN�LQYROYH�SHULRGV�RI�IORRGLQJ��GXULQJ�ZKLFK�SUH\
�ILVK��SRSXODWLRQV�LQFUHDVH��DOWHUQDWLQJ�ZLWK�GU\HU�SHULRGV�GXULQJ�ZKLFK�UHFHGLQJ
ZDWHU�OHYHOV�FRQFHQWUDWH�ILVK�DW�KLJK�GHQVLWLHV���)LVK�WUDSSHG�LQ�WKH�&')V�GXULQJ
PDLQWHQDQFH�GUHGJLQJ�PD\�SURYLGH�D�VRXUFH�RI�IRRG�IRU�ZRRG�VWRUNV�RQFH
GHZDWHULQJ�RI�WKRVH�VLWHV�DUH�QHDU�FRPSOHWLRQ���&RQWLQXHG�XVH�RI�XSODQG�&')V�FRXOG
EH�FRQVLGHUHG�D�PLQRU�HQKDQFHPHQW�RI�ZRRG�VWRUN�IHHGLQJ�KDELWDW���7KH�H[LVWLQJ
1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR�DGYHUVH�HIIHFW�RQ�WKLV�VSHFLHV�RU�DQ\�KDELWDW
GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO�
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������� 5HG�FRFNDGHG�:RRGSHFNHU��3LFRLGHV�ERUHDOLV�

7KLV�VSHFLHV�UHTXLUHV�IRUHVWHG�KDELWDW�RI�DW�OHDVW����SHUFHQW�SLQH����\HDUV�RU�ROGHU��
1R�KDELWDW�WKDW�FRXOG�SRWHQWLDOO\�EH�XVHG�E\�WKLV�VSHFLHV�ZRXOG�EH�LPSDFWHG�E\�WKH
SURMHFW���1R�NQRZQ�FRORQ\�RI�WKHVH�ZRRGSHFNHUV�LV�ORFDWHG�DORQJ�WKH�6DYDQQDK
+DUERU�RU�RQ�DGMDFHQW�SURSHUWLHV�

������� %DFKPDQ
V�:DUEOHU��9HUPLYRUD�EDFKPDQLL�

7KH�SUHVHQW�GLVWULEXWLRQ�RI�%DFKPDQ
V�ZDUEOHU�LV�XQNQRZQ���6RPH�DXWKRUV�FRQVLGHU
LW�WR�SUREDEO\�EH�H[WLQFW��3RVW�	�*DXWKUHDX[����������6LJKWLQJV�LQ�WKH�PLG�����V�FDPH
IURP�&KDUOHVWRQ�&RXQW\��6RXWK�&DUROLQD��VHYHUDO�/RXLVLDQD�ORFDWLRQV��.HQWXFN\�
0DU\ODQG��DQG�QHDU�WKH�/RQJ�0F,QWRVK�&RXQW\�OLQH�LQ�*HRUJLD���7KLV�VSHFLHV
IRUPHUO\�EUHG�PRVWO\�LQ�VZDPSV�ZLWK�DQ�XQGHUVWRU\�RI�FDQH����,W�LV�FXUUHQWO\
H[WUHPHO\�UDUH�ZLWK�YHU\�IHZ�UHFHQW�VLJKWLQJV���0RVW�DXWKRULWLHV�DJUHH�WKDW�LI�WKH
%DFKPDQ
V�ZDUEOHU�VWLOO�H[LVWV�LW�LV�PRVW�OLNHO\�LQ�WKH�,ORQ�6ZDPS�DUHD�LQ�&KDUOHVWRQ
DQG�%HUNHOH\�&RXQWLHV��6RXWK�&DUROLQD���7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR
DGYHUVH�HIIHFW�RQ�WKLV�VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO�

������� 3LSLQJ�3ORYHU��&KDUDGULXV�PHORGXV��

7KLV�VSHFLHV�LV�D�VPDOO��VWRFN\�VKRUHELUG�WKDW�UHVHPEOHV�VDQGSLSHUV���3UHIHUUHG
KDELWDWV�IRU�WKH�VSHFLHV�DUH�VDQG\�EHDFKHV�DORQJ�WKH�RFHDQ�DQG�LQODQG�ODNHV��EDUH
DUHDV�LQ�GUHGJHG�PDWHULDO�GLVSRVDO�VLWHV��DQG�QDWXUDO�DOOXYLDO�LVODQGV�LQ�ULYHUV��
6KRUHOLQHV�ZLWK�OLWWOH�YHJHWDWLRQ�DUH�SUHIHUUHG�IRU�ERWK�QHVWLQJ�DQG�IHHGLQJ���7KHVH
SORYHUV�IHHG�SULPDULO\�RQ�IO\�ODUYDH��EHHWOHV��FUXVWDFHDQV��PROOXVNV��DQG�RWKHU
LQYHUWHEUDWHV�WKDW�WKH\�SOXFN�IURP�WKH�VDQG��%HQW����������%UHHGLQJ�JURXQGV�DORQJ
WKH�$WODQWLF�&RDVW�UDQJH�IURP�1HZIRXQGODQG�WR�1RUWK�&DUROLQD���:LQWHULQJ�DUHDV�RQ
WKH�$WODQWLF�&RDVW�DUH�IURP�1RUWK�&DUROLQD�VRXWKZDUG�WKURXJK�)ORULGD�DQG�LQ�WKH
%DKDPDV�DQG�:HVW�,QGLHV���7KH�SLSLQJ�SORYHU�GHSDUWV�IRU�ZLQWHULQJ�KDELWDWV�E\�HDUO\
6HSWHPEHU�DQG�UHWXUQV�WR�WKH�EUHHGLQJ�JURXQGV�LQ�ODWH�0DUFK�RU�HDUO\�$SULO���7KLV
VSHFLHV�KDV�EHHQ�REVHUYHG�LQ�WKH�SDVW�RQ�7\EHH�,VODQG�GXULQJ�WKH�ZLQWHU�PRQWKV
�6WHYH�&DOYHU��SHUVRQDO�REVHUYDWLRQ��DQG�FRXOG�EH�H[SHFWHG�DW�WKDW�WLPH�RQ�RWKHU
VKRUHOLQHV�QHDU�WKH�FRDVW���$�-DQXDU\������VXUYH\�E\�WKH�*$�'15�ORFDWHG���
LQGLYLGXDOV�RQ�WKH�*HRUJLD�EDUULHU�LVODQGV��LQIRUPDWLRQ�IURP�'ZLJKW�+DUOH\�
$SULO�������������$�-DQXDU\�����������VXUYH\�IRXQG�����LQGLYLGXDOV�DORQJ�WKH�*HRUJLD
FRDVW��*$�'15·V�0LNH�+DUULV��SHUVRQDO�FRPPXQLFDWLRQ����7KH�SULPDU\�WKUHDWV�WR�WKH
SLSLQJ�SORYHU�DUH�PRGLILFDWLRQ�DQG�GHVWUXFWLRQ�RI�KDELWDW�DQG�GLVWXUEDQFH�RI�QHVWLQJ
DGXOWV�DQG�FKLFNV��86):6����������7KLV�VSHFLHV·�RFFDVLRQDO�XVH�RI�WKH�&')V�DUH�QRW
LPSDFWHG�E\�WKH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW���3ODFHPHQW�RI�GUHGJHG�VDQGV�RQ
'DXIXVNLH�DQG�7\EHH�,VODQGV�FRXOG�SURYLGH�DGGLWLRQDO�ZLQWHULQJ�KDELWDW�E\
LQFUHDVLQJ�WKH�DPRXQW�RI�ERWK�KLJK�WLGH�DQG�LQWHUWLGDO�EHDFK�
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������� (DVWHUQ�,QGLJR�6QDNH��'U\PDUFKRQ�FRUDLV�

7KH�HDVWHUQ�LQGLJR�VHHPV�WR�SUHIHU�KLJK��GU\��ZHOO�GUDLQHG�VDQG\�VRLOV��FORVHO\
SDUDOOHOLQJ�WKH�VDQGKLOO�KDELWDW�SUHIHUUHG�E\�WKH�JRSKHU�WRUWRLVH���+RZHYHU�
HVSHFLDOO\�GXULQJ�WKH�ZDUPHU�PRQWKV��LQGLJRV�DOVR�IUHTXHQW�VWUHDPV�DQG�VZDPSV�
DQG�LQGLYLGXDOV�DUH�RFFDVLRQDOO\�IRXQG�LQ�IODW�ZRRGV���7KH�H[LVWLQJ�1DYLJDWLRQ
3URMHFW�LV�KDYLQJ�QR�DGYHUVH�HIIHFW�RQ�WKLV�VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO
IRU�LWV�VXUYLYDO�

�������� 6HD�7XUWOHV�

)LYH�VSHFLHV�RI�VHD�WXUWOHV�DUH�IRXQG�DORQJ�WKH�*HRUJLD�DQG�6RXWK�&DUROLQD�FRDVW
ZKLFK�DUH�OLVWHG�DV�HQGDQJHUHG�RU�WKUHDWHQHG���7KHVH�DUH�WKH�.HPS
V��$WODQWLF�
5LGOH\�7XUWOH��/HYLGRFKHO\V�NHPSLL���JUHHQ�WXUWOH��&KHORQLD�P\GDV���/HDWKHUEDFN�WXUWOH
�'HUPRFKHO\V�FRULDFHD���/RJJHUKHDG�WXUWOH��&DUHWWD�FDUHWWD���DQG�+DZNVELOO�WXUWOH
�(UHWRPRFKHO\V�LPEULFDWD����$OO�VSHFLHV�RI�PDULQH�WXUWOHV�OLVWHG�SUHYLRXVO\�DUH�SUHVHQWO\
FODVVLILHG�DV�IHGHUDOO\�HQGDQJHUHG��H[FHSW�WKH�JUHHQ�VHD�WXUWOH�DQG�WKH�ORJJHUKHDG
WXUWOH��ZKLFK�DUH�OLVWHG�DV�WKUHDWHQHG���7KH�ORJJHUKHDG�WXUWOH�LV�NQRZQ�WR�QHVW�RQ
7\EHH�,VODQG���7KH�.HPS
V�ULGOH\��OHDWKHUEDFN��KDZNVELOO��DQG�JUHHQ�VHD�WXUWOHV�DOVR
LQKDELW�*HRUJLD�ZDWHUV��EXW�QHVW�LQ�RWKHU�DUHDV��6FKURHGHU��������6FKURHGHU�DQG
:DUQHU��������DQG�7HDV�DQG�0DUWLQH]��������7KH�8QLYHUVLW\�RI�*HRUJLD�&RRSHUDWLYH
([WHQVLRQ�6HUYLFH��������86):6����������*UHHQ�WXUWOHV�DQG�OHDWKHUEDFN�WXUWOHV�KDYH
EHHQ�NQRZQ�WR�QHVW�LQ�*HRUJLD�RQ�UDUH�RFFDVLRQV��86):6����������7KH�VWUDQGLQJ
UHFRUGV�IRU�&KDWKDP�&RXQW\��*HRUJLD��LQGLFDWH�WKDW���WXUWOHV�ZHUH�VWUDQGHG�LQ�WKH
&RXQW\�IURP�-DQXDU\���WR�-XQH�����������DQG�����VWUDQGLQJV�RFFXUUHG�*HRUJLD�GXULQJ
�������$SSUR[LPDWHO\����SHUFHQW�RI�WKHVH�VWUDQGLQJV�RFFXUUHG�IURP�0D\�WR
1RYHPEHU�

6LQFH�WKH�WXUWOHV�DUH�NQRZQ�WR�RFFXU�LQ�WKH�YLFLQLW\�RI�WKH�%&��WKHUH�LV�D�SRWHQWLDO�WKDW
WKH\�PD\�EH�GLUHFWO\�LPSDFWHG�E\�FHUWDLQ�GUHGJLQJ�RSHUDWLRQV�ZLWKLQ�WKH�%&��
5HVHDUFK�E\�WKH�86$&(�:(6�DQG�KLVWRULF�GDWD�LQGLFDWH�WKDW�KRSSHU�GUHGJHV�LQ�D
JLYHQ�VLWXDWLRQ�DUH�PXFK�PRUH�OLNHO\�WR�FDXVH�DGYHUVH�LPSDFWV�WR�VHD�WXUWOHV�WKDQ
VWDWLRQDU\�GUHGJHV��K\GUDXOLF�SLSHOLQH��FODPVKHOO��EXFNHW����7KRVH�LPSDFWV�DUH
DSSDUHQWO\�WKH�UHVXOW�RI�WKH�VSHHG�DW�ZKLFK�WKH�HTXLSPHQW�PRYHV�DFURVV�WKH�ERWWRP
RI�WKH�FKDQQHO���7KH�KLJK�VSHHG�RI�KRSSHU�GUHGJHV�GRHV�QRW�DOORZ�VXIILFLHQW�WLPH�IRU
WXUWOHV�WR�UHFRJQL]H�WKH�GDQJHU�DQG�DYRLG�HQWUDLQPHQW���%HFDXVH�RI�WKH�SRWHQWLDO
LPSDFWV�WR�VHD�WXUWOHV��XVH�RI�VWDWLRQDU\�GUHGJHV�ZRXOG�EH�SUHIHUUHG���+RZHYHU��GXH
WR�WKH�KLJK�FRVW�RI�VWDWLRQDU\�GUHGJHV��KRSSHU�GUHGJHV�DUH�VWLOO�XVHG��DQG�WKHLU�XVH�LV
HQYLURQPHQWDOO\�DFFHSWDEOH��SURYLGHG�UHVWULFWLRQV�WR�PLQLPL]H�WKHLU�HQYLURQPHQWDO
LPSDFW�DUH�LQFOXGHG�LQ�WKHLU�RSHUDWLRQ���

7KH�86$&(�:(6��������FRQGXFWHG�UHVHDUFK�RQ�WKH�GLVWULEXWLRQ�DQG�DEXQGDQFH�RI
VHD�WXUWOHV�WR�GHYHORS�UHVWULFWLRQV�RQ�KRSSHU�GUHGJLQJ�ZKLFK�ZRXOG�PLQLPL]H�LWV
LPSDFW�RQ�VHD�WXUWOHV���7KH\�KDYH�IRXQG�WKDW�WXUWOHV�DUH�XVXDOO\�HLWKHU�PLVVLQJ�RU
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SUHVHQW�LQ�RQO\�YHU\�ORZ�QXPEHUV�LQ�6DYDQQDK�IURP�'HFHPEHU�WKURXJK�0DUFK���7KH
:(6�VWXG\�VWDWHV�WKDW�FDXWLRQ�VKRXOG�EH�WDNHQ�ZKHQ�XVLQJ�DEVROXWH�GDWHV�IRU�DUULYDO
DQG�GHSDUWXUH�RI�VHD�WXUWOHV���2WKHU�IDFWRUV�VXFK�DV�VHDVRQDO�GLIIHUHQFHV�LQ�WHPSRUDO
PRYHPHQWV�DQG�ZDWHU�WHPSHUDWXUH�HIIHFWV��UHODWLYHO\�ORZ�DEXQGDQFH�ZDV�IRXQG�LQ
WKH�ZLQWHU�PRQWKV�ZKHQ�VXUIDFH�ZDWHU�WHPSHUDWXUHV�ZHUH�OHVV�WKDQ�RU�HTXDO�WR���°&�
PD\�EH�DW�SOD\���5HVWULFWLRQV�RQ�KRSSHU�GUHGJH�RSHUDWLRQ�KDYH�EHHQ�GHYHORSHG�DQG
DJUHHG�XSRQ�E\�WKH�1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH��10)6��DQG�WKH�86$&(�WKDW
PLQLPL]H�WKRVH�LPSDFWV���7KRVH�UHVWULFWLRQV�DUH�EHLQJ�UHILQHG�DV�UHVHDUFK�LQ�WKLV�DUHD
FRQWLQXHV���&XUUHQW�UHVWULFWLRQV�DUH�OLVWHG�EHORZ��WKRXJK�WKHVH�PD\�FKDQJH�ZLWK
LQFUHDVHG�NQRZOHGJH�RI�VHD�WXUWOH�GLVWULEXWLRQ�DQG�DEXQGDQFH�DQG�DV�QHZ�KRSSHU
GUHGJLQJ�HTXLSPHQW�DQG�WHFKQLTXHV�DUH�GHYHORSHG�

,I��LQ�D�VSHFLILF�GUHGJLQJ�RSHUDWLRQ��FRVWV�IRU�HTXLSPHQW�W\SHV�DUH�LGHQWLFDO��XVH�RI�D
VWDWLRQDU\�GUHGJH�ZRXOG�EH�SUHIHUUHG�VLQFH�LW�ZRXOG�EH�H[SHFWHG�WR�KDYH�OHVV�LPSDFW
RQ�VHD�WXUWOHV���7R�HQVXUH�WKDW�GUHGJLQJ�RSHUDWLRQV�DUH�QRW�OLNHO\�WR�DGYHUVHO\�LPSDFW
VHD�WXUWOHV��DOO�GUHGJLQJ�RSHUDWLRQV�ZRXOG�EH�GRQH�LQ�FRPSOLDQFH�ZLWK�WKH
DSSURSULDWH�%LRORJLFDO�2SLQLRQ�IRU�QDYLJDWLRQ�FKDQQHOV�LQ�WKH�VRXWKHDVW�LVVXHG�E\
WKH�10)6�

'LVSRVDO�2SHUDWLRQV�RQ�7\EHH�DQG�RU�'DXIXVNLH�,VODQGV�PD\�DIIHFW�QHVWLQJ
ORJJHUKHDG�WXUWOHV��E\�LPSDFWLQJ�QHVWLQJ�DUHDV���7KH�QHVWLQJ�VHDVRQ�IRU�ORJJHUKHDGV
LQ�WKLV�DUHD�H[WHQGV�IURP�0D\���WKURXJK�$XJXVW����DQG�WKH�KDWFKLQJ�VHDVRQ�H[WHQGV
WR�2FWREHU�����86):6����������7\EHH�,VODQG�EHDFK�UHSUHVHQWV�DSSUR[LPDWHO\��
SHUFHQW�RI�WKH�*HRUJLD�EHDFKHV�DYDLODEOH�IRU�QHVWLQJ�WXUWOHV���+RZHYHU��RQO\�DERXW���
WXUWOHV�DUH�NQRZQ�WR�KDYH�QHVWHG�RQ�7\EHH�,VODQG�LQ�UHFHQW�\HDUV����LQ���������LQ
��������LQ�������*$�'15����������*HRUJLD�'15�LQGLFDWHV�WKDW����QHVWV�ZHUH�ORFDWHG
RQ�6HD�,VODQG�WKH�\HDU�QRXULVKPHQW�RFFXUUHG��������ZLWK�DQ�DGGLWLRQDO����QHVWV�LQ
WKH�XQQRXULVKHG�DUHD���,Q����������QHVWV�ZHUH�IRXQG�LQ�WKH�QRXULVKHG�DUHD�DQG���
QHVWV�LQ�WKH�XQQRXULVKHG�DUHD���,W��WKXV��DSSHDUV�WKDW�QRXULVKPHQW�FDQ�EH�EHQHILFLDO
WR�WXUWOHV���/RVV�RI�VHD�WXUWOHV�ZRXOG�QRW�EH�H[SHFWHG�IURP�WKH�SURSRVHG�GLVSRVDO�RI
GUHGJHG�VHGLPHQWV�RQ�7\EHH�RU�'DXIXVNLH�,VODQGV�EHFDXVH�RI�WKH�FRQGLWLRQV�LQ�WKH
FRQWUDFW�WKDW�ZRXOG�EH�LQ�SODFH�WR�SURWHFW�QHVWLQJ�WXUWOHV���'LVSRVDO�LQ�WKHVH�DUHDV
ZRXOG�EH�H[SHFWHG�WR�HQKDQFH�WKH�DUHD�IRU�WXUWOH�QHVWLQJ�E\�FUHDWLQJ�PRUH�EHDFK�DUHD
VXLWDEOH�IRU�QHVWLQJ�

,I�PDLQWHQDQFH�VHGLPHQWV�DUH�GHSRVLWHG�RQ�WKH�EHDFK�GXULQJ�WKH�WXUWOH�QHVWLQJ
VHDVRQ��D�WXUWOH�QHVW�PRQLWRULQJ�SURJUDP�ZRXOG�EH�FRQGXFWHG�WR�HQVXUH�SURWHFWLRQ
RI�DQ\�WXUWOHV�WKDW�PD\�WU\�WR�QHVW�RQ�WKH�H[LVWLQJ�EHDFK�RU�WKH�QHZO\�IRUPHG�EHDFK��
7KH�86$&(�ZRXOG�LPSOHPHQW�D�PRQLWRULQJ�SURJUDP�WKDW�LW�SUHYLRXVO\�XVHG�ZKHQ�LW
SODFHG�%&�VHGLPHQWV�RQ�7\EHH�,VODQG�DQG�WKDW�ZHUH�GHVFULEHG�LQ�WKH�/706�(,6���7KH
H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR�XQDFFHSWDEOH�DGYHUVH�HIIHFW�RQ�WKLV�VSHFLHV
RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO���,Q�IDFW��FHUWDLQ�DFWLRQV�HYDOXDWHG
LQ�WKH�/706�(,6�KDYH�WKH�SRWHQWLDO�WR�LQFUHDVH�WKH�TXDOLW\�RI�H[LVWLQJ�QHVWLQJ�KDELWDW
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�WKH�SURSRVHG�QHDUVKRUH�EHUPV�RII�7\EHH�,VODQG��RU�SURGXFH�QHZ�QHVWLQJ�GLUHFW
QRXULVKPHQW�RQ�7\EHH�DQG�RU�'DXIXVNLH�,VODQGV�

�������� 6KRUWQRVH�6WXUJHRQ��$FLSHQVHU�EUHYLURVWUXP�

7KH�VKRUWQRVH�VWXUJHRQ��$FLSHQVHU�EUHYLURVWUXP��LV�DQ�HQGDQJHUHG�DQDGURPRXV�ILVK
WKDW�LV�UHVWULFWHG�WR�(DVW�&RDVW�ULYHUV�RI�1RUWK�$PHULFD���(LJKWHHQ�GLVWLQFW�SRSXODWLRQ
VHJPHQWV�KDYH�EHHQ�LGHQWLILHG�LQ�ULYHUV�VWUHWFKLQJ�IURP�&DQDGD�WR�QRUWKHUQ�)ORULGD�
�,W�LV�D�PHPEHU�RI�WKH�$FLSHQVHULGDH�IDPLO\��ZKLFK�LV�DPRQJ�WKH�PRVW�SULPLWLYH�DQG
DQFLHQW�RI�WKH�ERQ\�ILVKHV���2ULJLQDO�VHWWOHUV�WR�FRORQLDO�DQG�HDUO\�$PHULFD�ZHUH
VWUXFN�E\�WKH�LPPHQVH�QXPEHUV�RI�VWXUJHRQ�LQ�FRDVWDO�ULYHUV�VXFK�DV�WKH�'HODZDUH
5LYHU���&RPPHUFLDO�ILVKLQJ�EHJDQ�LQ�WKH�����V�DQG�WRRN�RQ�XQUHVWUDLQHG�GLPHQVLRQV
ZLWK�WKH�JURZWK�RI�WKH�FDYLDU�PDUNHW���%\�WKH�EHJLQQLQJ�RI�WKH�FHQWXU\�WKHUH�ZHUH
GUDPDWLF�GHFOLQHV�GXH�WR�RYHUILVKLQJ�DQG�WKH�ILUVW�DWWHPSWV�IRU�SUHVHUYDWLRQ�ZHUH
PDGH�LQ��������6LQFH�WKDW�WLPH�ORVV�RI�KDELWDW��LQVWDOODWLRQ�RI�GDPV�RQ�VSDZQLQJ
ULYHUV��SROOXWLRQ��DQG�GUHGJLQJ�LQ�VSDZQLQJ�DUHDV�KDYH�FDXVHG�D�FROODSVH�LQ�PRVW
VWXUJHRQ�VWRFNV��7��6PLWK�HW�DO���������

7KH�VSHFLHV�ZDV�OLVWHG�DV�HQGDQJHUHG�E\�WKH�86):6�RQ�0DUFK��������������&)5
��������7KH�UHDVRQ�IRU�WKH�OLVWLQJ�ZDV�WKH�YLUWXDO�GLVDSSHDUDQFH�RI�WKH�VKRUWQRVH
VWXUJHRQ�IURP�FRPPHUFLDO�FDWFKHV��ZKLFK�OHG�WKH�86):6�WR�FRQFOXGH�WKDW�WKH
VSHFLHV�ZDV�RQ�WKH�YHUJH�RI�H[WLQFWLRQ���7KH�HDUO\�OLVWLQJ�RI�WKH�VKRUWQRVH�VWXUJHRQ
PDGH�DFFHVV�WR�WKH�ILVK�GLIILFXOW�DQG��KHQFH��OHIW�PDQ\�DVSHFWV�RI�LWV�ELRORJ\�DQG
HQYLURQPHQWDO�WROHUDQFHV�XQVWXGLHG���0XFK�RI�ZKDW�LV�NQRZQ�DERXW�WKH�ILVK�LQ�LWV
QDWXUDO�VHWWLQJ�KDV�FRPH�IURP�QRUWKHUQ�FOLPDWH�VWXGLHV�ZKLFK�DUH�QRW�UHDGLO\
DSSOLFDEOH�WR�WKH�VKRUWQRVH�VWXUJHRQ�OLYLQJ�LQ�VRXWKHUQ��ZDUP�FOLPDWH�ZDWHUV���:DUP
ZDWHU�HVWXDULQH�HQYLURQPHQWV�DUH�FRQVLGHUHG�WR�EH�IDU�PRUH�VWUHVVIXO�GXH�WR�WKHLU
LQWHUPLWWHQW�K\SR[LD�DQG�KLJK�VXPPHU�WHPSHUDWXUHV���+HQFH��IHHGLQJ�KDELWV�
WHPSHUDWXUH�GHSHQGHQW�EHKDYLRU��WROHUDQFH�RI�VWUHVVIXO�FRQGLWLRQV��VXFK�DV�ORZ�'2�
PD\�GLIIHU�JUHDWO\�EHWZHHQ�QRUWKHUQ�DQG�VRXWKHUQ�SRSXODWLRQV���,QIRUPDWLRQ�IURP
ODERUDWRU\�WROHUDQFH�VWXGLHV�DUH�DOVR�QRW�HDVLO\�WUDQVIHUDEOH�WR�WKH�QDWXUDO�VHWWLQJ�
EHFDXVH�WKHVH�VWXGLHV�RIWHQ�H[DPLQH�D�VLQJOH��UHDGLO\�LVRODWDEOH�IDFWRU��ZKHUHDV�LQ�WKH
ZLOG�WKH�ILVK�DUH�VXEMHFW�WR�D�PXOWLSOLFLW\�RI�FRDOHVFLQJ�IDFWRUV�ZKRVH�V\QHUJLVWLF
LPSDFWV�DUH�RIWHQ�TXLWH�GLIIHUHQW�IURP�ZKDW�ZRXOG�EH�SUHGLFWHG�LQ�D�ODERUDWRU\���7KH
SDXFLW\�RI�NQRZOHGJH�RQ�WKH�VKRUWQRVH�VWXUJHRQ�LV�XQGHUVFRUHG�E\�WKH�IDFW�WKDW
VRPH�RI�WKH�ELRORJLFDO�GDWD�LQ�12$$·V�V\QRSVLV��'DGVZHOO�HW�DO���������LV�FRQVLGHUHG
E\�VRPH�H[SHUWV�WR�EH�LQDFFXUDWH��ZKLOH�RWKHU�GDWD��WKRXJK�DFFXUDWH��UHIOHFW�QRUWKHUQ
FOLPDWH�FRQGLWLRQV��

7KH�5HFRYHU\�3ODQ��������IRU�WKH�VKRUWQRVH�VWXUJHRQ�OLVWV�WKH�IROORZLQJ�DV�IDFWRUV
DIIHFWLQJ�LWV�UHFRYHU\���GUHGJLQJ��SROOXWDQW�GLVFKDUJHV��ERWK�SRLQW�DQG�QRQSRLQW��
EULGJH�FRQVWUXFWLRQ�DQG�UHPRYDO��GDP�FRQVWUXFWLRQ��UHPRYDO��DQG�UH�OLFHQVLQJ�
SRZHU�SODQW�FRQVWUXFWLRQ�DQG�RSHUDWLRQ��SRDFKLQJ��DQG�LQFLGHQWDO�WDNHV�E\
FRPPHUFLDO�ILVKHUPHQ���)LVKLQJ�PRUWDOLW\�FDXVHG�E\�LQFLGHQWDO�WDNLQJ�IURP�VKDG
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ILVKLQJ�LV�WKRXJKW�E\�VRPH�UHVHDUFKHUV�WR�EH�WKH�JUHDWHVW�GLUHFW�FDXVH�RI�PRUWDOLW\��
7KH�ORQJ�WHUP�UHFRYHU\�REMHFWLYH�IRU�WKH�VKRUWQRVH�VWXUJHRQ�LV�´WR�UHFRYHU�DOO
GLVFUHWH�SRSXODWLRQ�VHJPHQWV�WR�OHYHOV�RI�DEXQGDQFH�DW�ZKLFK�WKH\�QR�ORQJHU�UHTXLUH
SURWHFWLRQ�XQGHU�WKH�(QGDQJHUHG�6SHFLHV�$FWµ��5HFRYHU\�3ODQ����������7KH�5HFRYHU\
3ODQ�DLPV�DW�WKH�DFKLHYHPHQW�DQG�SUHVHUYDWLRQ�RI�D�PLQLPXP�SRSXODWLRQ�VL]H�IRU
HDFK�SRSXODWLRQ�VHJPHQW��IRU�ZKLFK�FULWLFDO�KDELWDW�PXVW�EH�PDLQWDLQHG�DQG
PRUWDOLW\�PLQLPL]HG���2Q�PRVW�ULYHUV�WKH�GHWHUPLQDWLRQ�RI�D�´PLQLPXP�SRSXODWLRQµ
LV�QRW�NQRZQ�GXH�WR�ODFN�RI�SUHYLRXV�UHFRUGV�DQG�ODFN�RI�FRQWLQXLQJ�ILHOG�UHVHDUFK
SURJUDPV��

7KH�PDMRULW\�RI�SRSXODWLRQV�KDYH�WKHLU�JUHDWHVW�DEXQGDQFH�DQG�DUH�IRXQG
WKURXJKRXW�PRVW�RI�WKH�\HDU�LQ�WKH�XSSHU�SRUWLRQV�RI�WKH�HVWXDU\�RI�WKHLU�UHVSHFWLYH
ULYHU��10)6����������7KH\�UHPDLQ�LQ�WKH�HVWXDULHV�DQG�QHDU�WKH�UHJLRQ�RI�WKH
VDOWZDWHU�IUHVKZDWHU�WUDQVLWLRQ�]RQH�XQWLO�ODWH�ZLQWHU��ZKHQ�WKH\�PRYH�XSULYHU�WR
VSDZQ���7KH�JHQHUDO�SDWWHUQ�RI�VHDVRQDO�PRYHPHQW�DSSHDUV�WR�LQYROYH�DQ�XSVWUHDP
PLJUDWLRQ�IURP�ODWH�-DQXDU\�WKURXJK�0DUFK�ZKHQ�ZDWHU�WHPSHUDWXUHV�UDQJH�IURP
����°)�WR�����°)���3RVW�VSDZQLQJ�ILVK�EHJLQ�PRYLQJ�EDFN�GRZQVWUHDP�LQ�0DUFK�DQG
OHDYH�WKH�IUHVKZDWHU�UHDFKHV�RI�WKH�ULYHU�LQ�0D\���,Q�WKH�6DYDQQDK�5LYHU��MXYHQLOH
DQG�DGXOW�VWXUJHRQ�XVH�WKH�DUHD�ORFDWHG�DERYH�WKH�IUHVKZDWHU�VDOWZDWHU�WUDQVLWLRQ
]RQH�WKURXJKRXW�WKH�\HDU�DV�D�IHHGLQJ�JURXQG���'XULQJ�WKH�VXPPHU��WKLV�VSHFLHV
WHQGV�WR�XVH�GHHS�KROHV�LQ�WKH�YLFLQLW\�RI�WKH�IUHVKZDWHU�VDOWZDWHU�WUDQVLWLRQ�]RQH
�)ORXUQR\�HW�DO���������5RJHUV�DQG�:HEHU��������+DOO�HW�DO���������

$OO�WKH�G\QDPLFV�RI�VSDZQLQJ�DUH�QRW�ZHOO�XQGHUVWRRG���6SDZQLQJ�RFFXUV�LQ
XSVWUHDP�IUHVKZDWHU��LV�WHPSHUDWXUH�GHSHQGHQW��LV�DIIHFWHG�E\�VWUHDP�YHORFLW\��DQG
UHTXLUHV�D�VXLWDEOH�VXEVWUDWXP���6SDZQLQJ�FRPPHQFHV�DW�DERXW���°)�WR�����°)�DQG
FHDVHV�DW�DERXW�����°)�WR������°)���,I�WKH�VWUHDP�YHORFLW\��RU�RWKHU�FRQGLWLRQV��DUH�QRW
VXLWDEOH��WKH�PDWXUH�IHPDOH�PD\�QRW�UHOHDVH�KHU�HJJV�EXW�LQVWHDG�UHVRUEV�WKHP�DQG
DERUWV�WKH�VSDZQLQJ���)HPDOHV�DSSHDU�WR�SUHIHU�FKDQQHOV�ZLWK�URXJK�VXEVWUDWHV
KDYLQJ�D�FKDQQHO�YHORFLW\�EHWZHHQ�����WR�����P�SHU�VHFRQG��%XFNOH\�DQG�.\QDUG�
�������

6KRUWQRVH�VWXUJHRQ�LQ�VRXWKHUQ�ULYHUV�PDWXUH�HDUOLHU�WKDQ�WKRVH�LQ�QRUWKHUQ�ULYHUV
EHFDXVH�WKH\�JURZ�IDVWHU��'DGVZHOO�HW�DO�����������,Q�*HRUJLD��PDOHV�VSDZQ�ILUVW�DW
��WR���\HDUV�RI�DJH�DQG�IHPDOHV�VSDZQ�DW���\HDUV�RU�OHVV���,Q�WKH�6W��-RKQV�5LYHU�
&DQDGD��PDOHV�PDWXUH�DW����WR����\HDUV�DQG�IHPDOHV�LQ����WR����\HDUV���7KH�QRUWKHUQ
ILVK�FRQWLQXH�WR�JURZ�IRU�PXFK�ORQJHU�SHULRGV�DQG�EHFRPH�PXFK�ODUJHU�LQ�VL]H���7KH
VRXWKHUQ�VKRUWQRVH�VWXUJHRQ�OLYH�D�VKRUWHU�OLIH���1RUWKHUQ�DGXOWV�DUH�HVWLPDWHG�WR�OLYH
���WR����\HDUV��ZKLOH�VRXWKHUQ�DGXOWV�OLYH����WR����\HDUV��.\QDUG����������7KH�ROGHVW
ILVK�HYHU�UHFRUGHG�ZDV�D����\HDU�ROG�IHPDOH�LQ�WKH�6W��-RKQV�5LYHU�DQG�D����\HDU�ROG
PDOH�IURP�WKH�VDPH�ULYHU��

6KRUWQRVH�VWXUJHRQ�DUH�EHQWKLF�RPQLYRUHV��'DGVZHOO�HW�DO���������WKDW�IRUDJH�IRU
LQVHFWV��FUXVWDFHDQV��DQG�VPDOO�ILVKHV���7KH�MXYHQLOHV�DUH�EHOLHYHG�WR�UDQGRPO\
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YDFXXP�WKH�ERWWRP��WDNLQJ�LQ�IRRG�DQG�QRQ�IRRG�VWXIIV��ZKLOH�WKH�DGXOWV�DUH�PRUH
VHOHFWLYH�LQ�WKHLU�IHHGLQJ���%RWK�MXYHQLOHV�DQG�DGXOWV�VHHP�WR�IHHG�RQ�ZKDWHYHU�LV
PRVW�DEXQGDQW�ORFDOO\���)HHGLQJ�LV�EHOLHYHG�WR�EH�FRQWLQXRXV�DQG�WKH�VSDWLDO
GLVSHUVLRQ�RI�FDSWXUHG�ILVK�VXJJHVW�WKDW�WKH\�IHHG�LQGLYLGXDOO\���7KH�SUHIHUUHG�SUH\
LV�VPDOO�JDVWURSRGV��10)6���������EXW�WKH�VSHFLHV�ZLOO�IHHG�RQ�FUXVWDFHDQV��LQVHFW
ODUYDH��DQG�PROOXVFV��10)6����������+DOO�HW�DO���������PHQWLRQ�WKH�VPDOO�FODP
&RUELFXOD�DV�EHLQJ�D�SUH\�LWHP���)HHGLQJ�KDELWV�DSSHDU�WR�GLIIHU�LQ�QRUWKHUQ�DQG
VRXWKHUQ�UHJLRQV���6KRUWQRVH�VWXUJHRQ�LQ�WKH�$OWDPDKD�DQG�2JHHFKHH�ULYHUV�RI
*HRUJLD��VKRZHG�ZHLJKW�ORVV�DQG�ODFN�RI�PRYHPHQW�DIWHU�-XQH��ZKHQ�WHPSHUDWXUHV
H[FHHGHG�����°)��)ORXUQR\�HW�DO���������5RJHUV�DQG�:HEHU���������

7KH�VKRUWQRVH�VWXUJHRQ�LV�RIWHQ�FRQIXVHG�ZLWK�WKH�ODUJHU�$WODQWLF�VWXUJHRQ���7KH
IRUPHU�JURZV�WR�DERXW���IHHW�LQ�OHQJWK��ZKLOH�WKH�ODWWHU�JURZV�WR�RYHU���IHHW���$QRWKHU
GLIIHUHQFH�LV�WKDW�WKH�$WODQWLF�VWXUJHRQ�LV�WUXO\�DQDGURPRXV��LQ�WKDW�LW�VSDZQV�LQ
IUHVKZDWHU�EXW�OLYHV�LQ�WKH�RFHDQ���,Q�FRQWUDVW��WKH�VKRUWQRVH�VWXUJHRQ�KDV�EHHQ
GHVFULEHG�DV�´IUHVKZDWHU�DPSKLGURPRXVµ��VLQFH�DGXOWV�VSDZQ�LQ�IUHVKZDWHU��OLYH
PRVWO\�DERYH�WKH�IUHVKZDWHU�EUDFNLVK�ZDWHU�WUDQVLWLRQ�]RQH��DQG�RQO\�SHULRGLFDOO\
PDNH�XVH�RI�VDOLQH�ZDWHUV�DW�WKH�ULYHU·V�PRXWK���$�SHWLWLRQ�KDV�UHFHQWO\�EHHQ�ILOHG�IRU
LQFOXVLRQ�RI�WKH�$WODQWLF�6WXUJHRQ�RQWR�WKH�)HGHUDO�7KUHDWHQHG�DQG�(QGDQJHUHG
6SHFLHV�/LVW��

���������� 6DOLQLW\�DQG�'2�7ROHUDQFH

0RVW�RI�WKH�'2�WROHUDQFH�LQIRUPDWLRQ�RQ�WKH�VKRUWQRVH�VWXUJHRQ�KDV�EHHQ�REWDLQHG
IURP�ODERUDWRU\�H[SHULPHQWV���7KHVH�H[SHULPHQWV�KDYH�PRVWO\�DLPHG�DW�HVWDEOLVKLQJ
OHWKDO�OLPLWV�DQG�GLG�QRW�WHVW�IRU�FKURQLF�H[SRVXUH�RU�EHKDYLRUDO�UHVSRQVHV�WR
K\SR[LD���)XUWKHUPRUH��WKHVH�WHVWV�XVXDOO\�H[DPLQH�IDFWRUV�LQ�LVRODWLRQ��ZKHUHDV�LQ
WKH�ZLOG�QXPHURXV�IDFWRUV�H[LVW�V\QHUJLVWLFDOO\���,W�LV��WKHUHIRUH��GLIILFXOW�WR
H[WUDSRODWH�IURP�WKHVH�WHVWV�WR�DFWXDO�ILHOG�FRQGLWLRQV���$�UHYLHZ�RI�WKH�OLWHUDWXUH�KDV
IDLOHG�WR�LGHQWLI\�D�FRQVHQVXV�RQ�FULWHULD�IRU�GLIIHUHQW�OLIH�VWDJHV���/DERUDWRU\
H[SHULPHQWV�RQ�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�KDYH�VKRZQ�D�VXEVWDQWLDO�PRUWDOLW\
DERYH�D�VDOLQLW\�RI���SSW�DQG�DW�'2�OHYHOV�RI�����PJ�/�DQG�EHORZ��:LQQ�HW�DO���������
�+RZHYHU��WROHUDQFH�RI�ORZ�'2�FRQFHQWUDWLRQV�DSSHDUV�WR�GHSHQG�RQ�DJH���<RXQJHU
VKRUWQRVH�VWXUJHRQ�ZHUH�IRXQG�WR�EH�VHQVLWLYH�WR�ORZ�'2��ZKLOH�WKH�ROGHU�MXYHQLOHV
VKRZHG�JUHDWHU�WROHUDQFH��

$V�SUHYLRXVO\�QRWHG��ODERUDWRU\�H[SHULPHQWV�DUH�GLIILFXOW�WR�DSSO\�WR�DFWXDO�ILHOG
FRQGLWLRQV���)RU�H[DPSOH��-HQNLQV��������UHSRUWV�ILQGLQJV�VXJJHVWLQJ�WKDW�VDOLQLWLHV
XS�WR���SSW�DUH�RSWLPDO�IRU�WKH�QXUWXULQJ�RI�VPDOO�VWXUJHRQ���2WKHU�VWXGLHV�LQGLFDWH
WKDW�MXYHQLOHV�RIWHQ�PRYH�XS�DQG�GRZQVWUHDP�ZLWK�WKH�VDOWZDWHU�IUHVKZDWHU�GXULQJ
VXPPHU�PRQWKV��3RWWOH�DQG�'DGVZHOO���������SRVVLEO\�WR�DYRLG�KLJK�VDOLQLW\�OHYHOV
�JUHDWHU�WKDQ�����SSW��6PLWK�HW�DO�����������$QDO\VLV�RI�VDOLQLW\�ILHOG�GDWD�WDNHQ�LQ�-XO\�
$XJXVW������VKRZ�D�ERWWRP�VDOLQLW\�UDQJLQJ�IURP�����WR������SSW�DW�*3$�����ORFDWHG
GRZQVWUHDP�RI�WKH�.,7%��DQG�D�ERWWRP�VDOLQLW\�UDQJLQJ�IURP�����WR������DW�*3$���
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�ORFDWHG�XSVWUHDP�RI�WKH�.,7%���7KHVH���VWDWLRQV�EUDFNHW�ZKDW�KDV�EHHQ�LGHQWLILHG�DV
D�KDELWDW�DUHD�IRU�MXYHQLOH�VKRUWQRVH�VWXUJHRQ���7KH�PD[LPXP�ERWWRP�VDOLQLWLHV�DUH
GRXEOH�DQG�QHDUO\�WULSOH�WKRVH�UHSRUWHG�IRU�WKH�RQVHW�RI�DYRLGDQFH�EHKDYLRU���

7KH�FULWLFDO�'2�UDQJH�IRU�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�DSSHDUV�WR�OLH�VRPHZKHUH
EHWZHHQ�����WR�����PJ�/���-HQNLQV�HW�DO���������IRXQG�WKDW�MXYHQLOH�PRUWDOLW\�ZDV���
SHUFHQW�DW�'2�RI�����PJ�/��EXW�ROGHU�VWXUJHRQ��JUHDWHU�WKDQ�����GD\V��KDG�OHVV�WKDQ
���SHUFHQW�PRUWDOLW\�DW�WKH�����PJ�/�FRQFHQWUDWLRQ���$�'2�OHYHO�RI�����NLOOHG����
SHUFHQW�RI�ILVK����GD\V�ROG�����SHUFHQW�RI�ILVK����GD\V�ROG�DQG����SHUFHQW�RI�ILVK���
GD\V�ROG�EXW�RQO\����SHUFHQW�RI�WKH�����DQG�����GD\V�ROG�ILVK���<RXQJ�ILVK�DOVR�GLHG
DW�VLJQLILFDQWO\�KLJKHU�UDWHV�DW�R[\JHQ�OHYHOV�RI�����PJ�/��ZKLOH�WKLV�FRQFHQWUDWLRQ
GLG�QRW�DSSHDU�WR�DGYHUVHO\�HIIHFW�ILVK�JUHDWHU�WKDQ����GD\V�ROG���&KDQJHV�LQ�ILVK
EHKDYLRU�ZDV�QRWHG�LQ�HDFK�WHVW�ZKHQ�WKH�'2�FRQFHQWUDWLRQ�ZDV�OHVV�WKDQ�RU�HTXDO
WR�����PJ�/���'2�OHYHOV�UHJXODUO\�IDOO�EHORZ�����PJ�/�IRU�VKRUW�GXUDWLRQV�LQ
HVWXDULQH�V\VWHPV���7KLV�LV�DOVR�WUXH�RI�WKH�ERWWRP�ZDWHUV�RI�WKH�6DYDQQDK�5LYHU
�:LQQ�HW�DO�����1R�PRUWDOLW\�RFFXUUHG�DW�FRQFHQWUDWLRQV�RI�����PJ�/���7ROHUDQFH�WR
ORZ�'2�FRQGLWLRQV�LV�VLJQLILFDQWO\�LQFUHDVHG�ZLWK�DJH���-XYHQLOHV�PD\�KDYH�WKH
DELOLW\�WR�PRYH�ZKHUH�WKH�'2�FRQGLWLRQV�DUH�ZLWKLQ�WROHUDQFHV�

���������� 0RYHPHQWV�DQG�+DELWDWV�LQ�WKH�6DYDQQDK�5LYHU

+DOO�HW�DO���������FRQGXFWHG�WHOHPHWU\�VWXGLHV�WR�GHWHUPLQH�VHDVRQDO�PRYHPHQWV�DQG
KDELWDW�DUHDV�RI�DGXOW�DQG�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�LQ�WKH�6DYDQQDK�5LYHU���7KH\
IRXQG�WKDW�XSULYHU�VSDZQLQJ�PLJUDWLRQV�RFFXUUHG�IURP�PLG�)HEUXDU\�WR�PLG�0DUFK
ZKHQ�ULYHU�WHPSHUDWXUHV�UDQJHG�IURP�����°)�WR�����°)���'RZQVWUHDP�PLJUDWLRQV
EHJDQ�LQ�PLG�0DUFK�ZLWK�DOO�DGXOW�VKRUWQRVH�VWXUJHRQ�OHDYLQJ�WKH�IUHVKZDWHU
UHDFKHV�E\�HDUO\�0D\���7KH�VWXG\�LGHQWLILHG���VSDZQLQJ�VLWHV�����DW�50�����WR�����
DQG���DW�50�����WR�������7KHVH�DUHDV�ZHUH�FKDUDFWHUL]HG�E\�KLJK�YHORFLWLHV�DQG
VFRXUHG�VDQG��DQG�D�FOD\�DQG�JUDYHO�VXEVWUDWH���'HSWKV�UDQJHG�IURP����IHHW�WR����IHHW�
DQG�ERWWRP�YHORFLWLHV�DYHUDJHG�����IHHW�SHU�VHFRQG��

7KH�IUHVKZDWHU�VDOWZDWHU�ERXQGDU\�ZDV�IRXQG�WR�EH�D�UHJLRQ�WKDW�ZDV�XVHG�E\�DGXOW
DQG�MXYHQLOH�VWXUJHRQ�DV�D�IHHGLQJ�JURXQG�GXULQJ�ERWK�IDOO�DQG�ZLQWHU���7KUHH�VLWHV
DW�50�������50�������DQG�50������ZHUH�LGHQWLILHG�E\�+DOO�HW�DO����������DV�IHHGLQJ
DUHDV���$�SUREDEOH�QXUVHU\�DUHD�IRU�MXYHQLOH�VKRUWQRVH�DQG�$WODQWLF�VWXUJHRQ�ZDV
LGHQWLILHG��DSSUR[LPDWHO\�����WR�����PLOHV�GRZQULYHU�RI�WKH�IUHVKZDWHU�VDOWZDWHU
ERXQGDU\�UHJLRQ��VHH�)LJXUH���������7KLV�DUHD�ZDV�FKDUDFWHUL]HG�E\�VDQG\�PXG�DQG
FOD\�PXG�ERWWRP�DW�D�GHSWK�RI����WR����IHHW���$�VXEVHTXHQW�VWXG\�ZDV�XQGHUWDNHQ�E\
&ROOLQV�DQG�6PLWK��������WR�FKDUDFWHUL]H�WKH�DGXOW�6DYDQQDK�5LYHU�VKRUWQRVH
VWXUJHRQ�SRSXODWLRQ���7KH�VWXG\�UHSRUWHG�WKDW�VSDZQLQJ�ORFDWLRQV�YDULHG�DQQXDOO\�
EXW�JHQHUDOO\�RFFXUUHG�XSULYHU��EHWZHHQ�50�����DQG�50������SULPDULO\�GXULQJ�ODWH
)HEUXDU\�EXW�DV�ODWH�DV�PLG�$SULO��DQG�DW�WHPSHUDWXUHV�RI���°)�WR�����°)���7KH
VSDZQLQJ�DUHDV�ZHUH�FKDUDFWHUL]HG�E\�VWURQJ�FXUUHQWV�DQG�VFRXUHG��FRDUVH�VXEVWUDWH�



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ $))(&7('�(19,5210(17

�7KHVH�FKDUDFWHULVWLFV�ZHUH�DOVR�SUHVHQW�LQ�VSDZQLQJ�DUHDV�RI�WKH�6W��-RKQ�5LYHU�
&DQDGD��DQG�WKH�&RQQHFWLFXW�5LYHU��'DGVZHOO��������%XFNOH\�DQG�.\QDUG���������
7KHVH�FRQGLWLRQV�DUH�EHOLHYHG�QHFHVVDU\�IRU�VXFFHVVIXO�VSDZQLQJ��HJJ�DWWDFKPHQW�
DQG�KDWFKLQJ��

1RQ�VSDZQLQJ�ILVK�UHPDLQHG�LQ�WKH�YLFLQLW\�RI�WKH�IUHVK�EUDFNLVK�ZDWHU�WUDQVLWLRQ
]RQH��50����������WKURXJKRXW�WKH�VSDZQLQJ�VHDVRQ���0RVW�VKRUWQRVH�VWXUJHRQ�OHIW
WKH�XSULYHU�IUHVKZDWHU�DUHDV�LQ�VSULQJ�VRRQ�DIWHU�WKH�VSDZQLQJ�VHDVRQ��-DQXDU\�
$SULO��DQG�EHJDQ�WKHLU�UHWXUQ�LQ�ODWH�$XWXPQ�RU�HDUO\�ZLQWHU���7KH�VWXG\·V�ILQGLQJV
VXSSRUWHG�WKH�K\SRWKHVLV�RI�WKH�LPSRUWDQW�KDELWDW�IXQFWLRQ�RI�WKH�IUHVK�EUDFNLVK
ZDWHU�LQWHUIDFH�DUHD�DQG�WKH�GRZQULYHU�SRUWLRQ�RI�WKH�ORZHU�6DYDQQDK�5LYHU���7KHVH
��DUHDV�ZHUH�IRXQG�WR�VHUYH�DV�D�VWDJLQJ�DUHD�IRU�WKH�VSDZQLQJ�PLJUDWLRQ�DQG�D
KROGLQJ�DUHD�IRU�ILVK�WKDW�GR�QRW�SDUWLFLSDWH�LQ�WKH�XSULYHU�PLJUDWLRQ�

0RVW�VKRUWQRVH�VWXUJHRQ�OHIW�WKH�IUHVKZDWHU�SRUWLRQ�RI�WKH�6DYDQQDK�5LYHU�E\�PLG�
$SULO���7KLV�ZDV�DOVR�UHSRUWHG�E\�+DOO�HW�DO����������ZKR�QRWHG�WKDW�VKRUWQRVH
VWXUJHRQ�LQ�WKH�6DYDQQDK�5LYHU�KDG�OHIW�IUHVK�ZDWHU�E\�HDUO\�0D\��DOWKRXJK�VRPH
UHPDLQHG�LQ�WKH�YLFLQLW\�RI�WKH�IUHVKZDWHU�EUDFNLVK�ZDWHU�WUDQVLWLRQ�]RQH�WKURXJK
WKH�VXPPHU���7KLV�EHKDYLRU�GLIIHUV�IURP�WKDW�RI�VKRUWQRVH�VWXUJHRQ�LQ�WKH�QRUWKHUQ
SRUWLRQ�RI�WKLV�VSHFLHV·�UDQJH��ZKHUH�VRPH�VHJPHQWV�RI�WKH�SRSXODWLRQ�VWD\�LQ
IUHVKZDWHU�DOO�\HDU�URXQG��

-XYHQLOH�DQG�DGXOW�VWXUJHRQ�XVH�WKH�DUHD�ORFDWHG���WR���PLOHV�IURP�WKH�IUHVKZDWHU�
VDOWZDWHU�WUDQVLWLRQ�]RQH�WKURXJKRXW�WKH�\HDU�DV�D�IHHGLQJ�JURXQG���'XULQJ�WKH
VXPPHU��WKLV�VSHFLHV�WHQGV�WR�XVH�GHHS�KROHV�DW�RU�MXVW�DERYH�WKH�IUHVKZDWHU�
VDOWZDWHU�WUDQVLWLRQ�]RQH��)ORXUQR\�HW�DO���������5RJHUV�DQG�:HEHU��������+DOO�HW�DO��
��������,W�LV�QRW�NQRZQ�WR�ZKDW�GHJUHH�WKH�MXYHQLOH�ILVK�IHHG�GXULQJ�WKH�VXPPHU
PRQWKV�ZKHQ�WKH\�YLVLW�WKHVH�GHHSHU�SRFNHWV���+RZHYHU��LW�LV�EHOLHYHG�WKDW�VKRUWQRVH
VWXUJHRQ�LQ�WKH�6DYDQQDK�5LYHU�VKRZ�HYLGHQFH�RI�ZHLJKW�ORVV�DQG�VWUHVV�GXULQJ
VXPPHU�PRQWKV��'U��0DUN�&ROOLQV��SULYDWH�FRPPXQLFDWLRQ����$�UHYLHZ�RI�WKH
OLWHUDWXUH�IDLOHG�WR�\LHOG�LQIRUPDWLRQ�RQ�WKH�W\SLFDO�'2�FRQFHQWUDWLRQV�ZLWKLQ�WKHVH
GHHS�SRFNHWV��QRU�ZDV�DQ\�LQIRUPDWLRQ�DYDLODEOH�RQ�WKH�WROHUDWLRQ�UDQJHV�RI�WKH
VKRUWQRVH�VWXUJHRQ�WR�ORZ�'2�FRQFHQWUDWLRQV�DW�WKHVH�GHSWKV���7KLV�ERXQGDU\�ZDV
WKRXJKW�WR�RFFXU�LQ�WKH�6DYDQQDK�5LYHU�EHWZHHQ�50������DQG������LQ�������+DOO�HW
DO�����������'DWD�DOVR�LQGLFDWH�WKDW�.,7%�DW�DERXW�50�������DQ�DUHD�RI�LQWHQVH
VHGLPHQWDWLRQ�DQG�GUHGJLQJ��LV�XVHG�DV�D�QXUVHU\�DUHD�IRU�MXYHQLOH�VWXUJHRQ�DQG�DV
KDELWDW�IRU�DOO�VKRUWQRVH�VWXUJHRQ�GXULQJ�SDUWV�RI�WKH�\HDU��+DOO�HW�DO����������
6WXUJHRQ��WKHUHIRUH��FDQ�EH�H[SHFWHG�WKURXJKRXW�WKH�\HDU�VRPHZKHUH�ZLWKLQ�WKH�DUHD
IURP�DERXW�50������WR������

7KH�DGXOW�SRSXODWLRQ�LQ�WKH�6DYDQQDK�5LYHU�LV�WKRXJKW�WR�EH�EHWZHHQ�����WR������
ILVK���,Q�������WKH�PRVW�VWDWLVWLFDOO\�DFFXUDWH�PHWKRG�\LHOGHG�DQ�HVWLPDWH�RI�������
ZKLOH�LQ������WKH�HVWLPDWH�ZDV������.HQQHG\�HW�DO�����������'HYHORSPHQW�RI�D�PRUH
DFFXUDWH�HVWLPDWH�RI�SRSXODWLRQ�UHTXLUHV�IXUWKHU�ILHOG�UHVHDUFK��
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,Q�������WKH�86):6�DQG�6RXWK�&DUROLQD�:LOGOLIH�DQG�0DULQH�5HVRXUFHV�'HSDUWPHQW
�6&:05'��FRRUGLQDWHG�D�VWRFN�UHVWRUDWLRQ�SURJUDP�IRU�VKRUWQRVH�VWXUJHRQ�LQ�WKH
6DYDQQDK�5LYHU���)URP������WR�������QHDUO\���������ILVK�ZHUH�VWRFNHG�LQWR�WKH
6DYDQQDK�5LYHU���$ERXW����SHUFHQW�ZHUH�VPDOO�XQWDJJHG�MXYHQLOHV���5HFDSWXUHV�RI
WDJJHG�ILVK�LQGLFDWH�WKDW�VWRFNHG�VWXUJHRQ�JURZ�DQG�EHKDYH�VLPLODU�WR�ZLOG
MXYHQLOHV���7KH�VWRFNLQJ�LV�D�ORQJ�WHUP�HIIRUW�ZKRVH�FRQWULEXWLRQ�WRZDUGV�UHVWRUDWLRQ
UHPDLQV�XQFHUWDLQ���7KH�VKRUWQRVH�VWXUJHRQ�LV�D�ORQJ�OLYHG�VSHFLHV�WKDW�PDWXUHV�DW�DQ
DGYDQFHG�DJH���+HQFH��VXFFHVVIXO�UHSURGXFWLRQ�DQG�DGDSWDWLRQ�WR�WKH�6DYDQQDK
5LYHU�E\�WKH�VWRFNHG�VSHFLHV�FDQ�RQO\�EH�HYDOXDWHG�RYHU�D�YHU\�ORQJ�WLPHIUDPH��

6HULRXV�JDSV�LQ�WKH�NQRZOHGJH�RI�VKRUWQRVH�PRYHPHQW�DQG�KDELWDW�H[LVW�IRU�WKH
ORFDWLRQ�RI�ODUYDO�KDELWDWV��ODUYDO�VXUYLYDO�DQG�JURZWK�UDWHV�DV�ZHOO�DV�HDUO\�MXYHQLOH
KDELWDW���7KH�FDUU\LQJ�FDSDFLW\�IRU�VKRUWQRVH�VWXUJHRQ�RI�WKH�6DYDQQDK�5LYHU�LV�LQ
GLVSXWH��6PLWK�HW�DO�����������2WKHU�XQNQRZQV�DUH�WKH�OHWKDO�DQG�VXEOHWKDO�DIIHFWV�RI
K\SR[LF�ZDWHUV�IRU�GLIIHUHQW�DJH�JURXSV��WKH�ORFDWLRQ�RI�DGXOWV�GXULQJ�VXPPHU�DQG
IDOO�DQG�WKH�H[WHQW�WR�ZKLFK�WKH�ORZHU�HVWXDULQH�DQG�FRDVWDO�RFHDQ�VDOLQH�ZDWHUV�DUH
XVHG�E\�DGXOWV���$GXOW�XVH�RI�VDOLQH�ZDWHUV�LV�XQNQRZQ�VLQFH�WKH�WHOHPHWU\�VLJQDO
WKDW�LV�XVHG�WR�WUDFN�WKH�ILVK�LV�ORVW�RQFH�WKH\�HQWHU�VDOLQH�ZDWHUV���$�PDMRU�ZHDNQHVV
LQ�DQ\�VWXG\�WKDW�SUHGLFWV�LPSDFWV�RQ�WKLV�VSHFLHV�LV�WKH�DEVHQFH�RI��D��JHQHUDO
HQYLURQPHQWDO�WROHUDQFH�LQIRUPDWLRQ�IRU�VRXWKHUQ�FOLPDWH�ZDWHUV��DQG��E��VSHFLILF
EDVHOLQH�GDWD�RQ�WKH�VKRUWQRVH�VWXUJHRQ�SRSXODWLRQ�LQ�WKH�6DYDQQDK�5LYHU�

7KH�H[LVWLQJ�1DYLJDWLRQ�3URMHFW�LV�KDYLQJ�QR�XQDFFHSWDEOH�DGYHUVH�HIIHFW�RQ�WKLV
VSHFLHV�RU�DQ\�KDELWDW�GHWHUPLQHG�FULWLFDO�IRU�LWV�VXUYLYDO�

����� *HRUJLD�3URWHFWHG�6SHFLHV

*HRUJLD�KDV�GHVLJQDWHG�VHYHUDO�VSHFLHV�RI�SODQWV�DQG�DQLPDOV�WKDW�DUH�HLWKHU�UDUH
ZLWKLQ�VWDWH�ERXQGDULHV�RU�WKDW�KDYH�SURYLGHG�VRPH�PHDVXUH�RI�LQWHUHVW�WR�PDQNLQG�
�7KH�VWDWH�LQFOXGHV�DOO�VSHFLHV�OLVWHG�E\�WKH�IHGHUDO�JRYHUQPHQW�DV�WKUHDWHQHG�RU
HQGDQJHUHG��DV�ZHOO�DV�WKRVH�ZKLFK�KDG�EHHQ�FRQVLGHUHG�E\�WKH�86):6�DV�FDQGLGDWH
VSHFLHV�IRU�IHGHUDO�OLVWLQJ���7KH�VSHFLHV�VKRZQ�LQ�7DEOH������DUH�OLVWHG�E\�WKH�VWDWH
DQG�FRXOG�EH�IRXQG�LQ�&KDWKDP�&RXQW\���8QGHU�FXUUHQW�86$&(�SROLF\��VWDWH�OLVWHG
VSHFLHV�VKRXOG�EH�JLYHQ�WKH�VDPH�FRQVLGHUDWLRQ�DV�WKRVH�SURWHFWHG�E\�IHGHUDO
UHJXODWLRQV�DQG�VWDWXWHV���(QFORVXUH�$��%$7(6��FRQWDLQV�DQ�HYDOXDWLRQ�RI�WKH
SRWHQWLDO�IRU�WKH�SURSRVHG�SURMHFW�WR�LPSDFW�HDFK�RI�WKHVH�VSHFLHV�
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7DEOH������6WDWH�/LVWHG�6SHFLHV�3RVVLEO\�2FFXUULQJ�LQ�&KDWKDP�&RXQW\

&RPPRQ�1DPH 6FLHQWLILF�1DPH 6WDWXV

:LOVRQ
V�SORYHU &KDUDGULXV�ZLOVRQLD 5DUH
3HUHJULQH�IDOFRQ )DOFR�SHUHJULQXV (QGDQJHUHG
$PHULFDQ�R\VWHUFDWFKHU +DHPDWRSXV�SDOOLDWXV 5DUH
/HDVW�WHP 6WHUQD�DQWLOODUXP 5DUH
*XOO�ELOOHG�WHP 6WHUQD�QLORWLFD 7KUHDWHQHG
&OLPELQJ�EXFNWKRUQ 6DJHUHWLD�PLQXWLIORUD 7KUHDWHQHG
%DOO�PRVV 7LOODQGVLD�UHFXUYDWD 7KUHDWHQHG

6RXWKHDVWHUQ�EDW 0\RWLV�DXVWURULSDULXV )HG���FDQGLGDWH
%DFKPDQ
V�VSDUURZ $LPRSKLOD�DHVWLYDOLV )HG���FDQGLGDWH

*RSKHU�WRUWRLVH *RSKHUXV�SRO\SKHPXV )HG���FDQGLGDWH
,VODQG�JODVV�OL]DUG 2SKLVDXUXV�FRPSUHVVXV )HG���FDQGLGDWH
)ORULGD�JRSKHU�IURJ 5DQD�DUHRODWD�DHVRSXV )HG���FDQGLGDWH
&DUROLQD�JRSKHU�IURJ 5DQD�DUHRODWD�FDSLWR )HG���FDQGLGDWH

$OWDPDKD�ODQFH�PXVVHO (OOL�SWLR�VKHSDUGLDQD )HG���FDQGLGDWH
$OWDPDKD�VSLQ\PXVVHO (OOLSWLR�VSLQRVD )HG���FDQGLGDWH

&RUNZRRG /HLWQHULD�IORULGDQD )HG���FDQGLGDWH
3RQGVSLFH /LWVHD�DHVWLYDOLV )HG���FDQGLGDWH
3LQHODQG�SODQWDLQ 3ODQWDJR�VSDUVLIORUD )HG���FDQGLGDWH

����� 6RXWK�&DUROLQD�3URWHFWHG�6SHFLHV

6RXWK�&DUROLQD�DOVR�KDV�OLVWHG�D�QXPEHU�RI�DQLPDOV�DV�HQGDQJHUHG�DQG�WKUHDWHQHG�
7KH�VWDWH�LQFOXGHV�DOO�VSHFLHV�OLVWHG�E\�WKH�IHGHUDO�JRYHUQPHQW�DV�WKUHDWHQHG�RU
HQGDQJHUHG��DV�ZHOO�DV�WKRVH�ZKLFK�KDG�EHHQ�FRQVLGHUHG�E\�WKH�86):6:�DV
FDQGLGDWH�VSHFLHV�IRU�IHGHUDO�OLVWLQJ���7KH�VSHFLHV�VKRZQ�LQ�7DEOH������FRXOG�EH
IRXQG�LQ�-DVSHU�&RXQW\���(QFORVXUH�$��%$7(6��FRQWDLQV�DQ�HYDOXDWLRQ�RI�WKH
SRWHQWLDO�IRU�WKH�SURSRVHG�SURMHFW�WR�LPSDFW�HDFK�RI�WKHVH�VSHFLHV�
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7DEOH������(QGDQJHUHG�DQG�7KUHDWHQHG�$QLPDOV�LQ�-DVSHU�&RXQW\��6RXWK�&DUROLQD

&RPPRQ�1DPH 6FLHQWLILF�1DPH 6WDWXV

6KRUWQRVH�6WXUJHRQ $FLSHQVHU�EUHYLURVWUXP )(
%DFKPDQ·V�6SDUURZ $LPRSKLOD�$HVWLYDOLV 6&
)ODWZRRGV�6DODPDQGHU $PE\VWRPD�FLQJXODWXP 6(
%DUUHO�)ORDWHU $QRGRQWD�&RXSHULDQD 6&
6SRWWHG�7XUWOH &OHPPXV�*XWWDWD 6&
%OXHEDUUHG�3\JP\�6XQILVK (OODVVRPD�2NDWLH 6&
&DUROLQD�6ODEVKHOO (OOLSWLR�&RQJDUDHD 6&
*RSKHU�7RUWRLVH *RSKHUXV�3RO\SKHPXV 6(
%DOG�(DJOH +DOLDHHWXV�OHXFRFHSKDOXV )7�6(
6RXWKHUQ�+RJQRVH�6QDNH +HWHURGRQ�6LPXV 6&
%LUG�9RLFHG�7UHHIURJ +\OD�$YLYRFD 6&
6WULSHG�0XG�7XUWOH .LQRVWHUQRQ�%DXULL 6&
3\JP\�6SHUP�:KDOH .RJLD�%UHYLVHSV 6&
<HOORZ�/DPSPXVVHO /DPSLVLOLV�&DULRVD 6&
5D\HG�3LQN�)DWPXFNHW /DPSLVLOLV�6SOHQGLGD 6&
:RRG�6WRUN 0\FWHULD�$PHULFDQD )(
(DVWHUQ�:RRGUDW 1HRWRPD�)ORULGDQD 6&
(DVWHUQ�:RRGUDW 1HRWRPD�)ORULGDQD�)ORULGDQD 6&
0LPLF�*ODVV�/L]DUG 2SKLVDXUXV�0LPLFXV 6&
5HG�&RFNDGHG�:RRGSHFNHU 3LFRLGHV�%RUHDOLV )(
3LQH�RU�*RSKHU�6QDNH 3LWXRSKLV�0HODQROHXNXV 6&
)ORULGD�3LQH�6QDNH 3LWXRSKLV�0HODQROHXNXV�0XJLWXV 6&
'ZDUI�6LUHQ 3VHXGREUDQFKXV�6WULDWXV 67
*XOI�&RDVW�0XG�6DODPDQGHU 3VHXGRWULWRQ�0RQWDQXV�)ODYLVVLPXV 6&
(DVWHUQ�)ORDWHU 3\JDQRGRQ�&DWDUDFWD 6&
(DVWHUQ�)R[�6TXLUUHO 6FLXUXV�1LJHU 6&
%ODFN�6ZDPS�6QDNH 6HPLQDWUL[�3\JDHD 6&
/HDVW��7HUQ 6WHUQD�$QWLOODUXP 67
3DSHU�3RQGVKHOO 8WWHUEDFNLD�,PEHFLOOLV 6&
(DVWHUQ�&UHHNVKHOO 9LOORVD�'HOXPELV 6&
&DUROLQD�'RJ�+REEOH $JDULVWD�3RSXOLIROLD 6&
:KLWH�&ROLFURRWH $OHWULV�$ERYDWD 6&
3XUSOH�6LON\VFDOH $QWKDHQDQWLD�5XID 6&
3LHGPRQW�7KUHH�$ZQHG�*UDVV $ULVWLGD�&RQGHQVDWD 6&
&RDVWDO�3ODLQ�:DWHU�+\VVRS %DFRSD�&\FORSK\OOD 6&
2QH�)ORZHU�%DOGXLQD %DOGXLQD�8QLIORUD 6&
%DQGDQD�RI�WKH�(YHUJODGHV &DQQD�)ODFFLGD 6&
&D\DSRQLD &D\DSRQLD�%R\NLQLL 6&
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7DEOH�����
�FRQWLQXHG�

(QGDQJHUHG�DQG�7KUHDWHQHG�$QLPDOV�LQ�-DVSHU�&RXQW\��6RXWK�&DUROLQD

&RPPRQ�1DPH 6FLHQWLILF�1DPH 6WDWXV

%XFNZKHDW�WUHH &OLIWRQLD�0RQRSK\OOD 6&
1DUURZOHDI�5XVKIRLO &URWRQRSVLV�/LQHDULV 6&
3LHGPRQW�)ODWVHGJH &\SHUXV�7HWUDJRQXV 6&
5RVH�%DOP 'LFHUDQGUD�2GRUDWLVVLPD 6&
%URRPVHGJH 'LFKDQWKHOLXP�$FLFXODUH 6&
6RXWKHUQ�3ULYHW )RUHVWLHUD�6HJUHJDWD 6&
7ZR�:LQJ�6LOYHUEHOO +DOHVLD�'LSWHUD 6&
6PDOO�)ORZHUHG�6LOYHUEHOO�7UHH +DOHVLD�3DUYLIORUD 6&
&UHHSLQJ�6W��-RKQ·V�:RUW +\SHULFXP�$GSUHVVXP 5&
6RXWKHUQ�/HSXURSHWDORQ /HSXURSHWDORQ�6SDWKXODWXP 6&
*RSKHU�$SSOH /LFDQLD�0LFKDX[LL 6&
6RXWKHUQ�7ZD\EODGH /LVWHUD�$XVWUDOLV 6&
3RQGVSLFH /LWVHD�$HVWLYDOLV 6&
5XVW\�/\RQLD /\RQLD�)HUUXJLQHD 6&
/DQFH�/HDI�/RRVHVWULIH /\VLPDFKLD�+\EULGD 6&
2JHHFKHH�7XSHOR 1\VVD�2JHFKH 6&
6DPSVRQ�6QDNHURRW��6FXUI�3HD 2UEH[LOXP�/XSLQHOOXP 6&
+DLU\�)HYHU�7UHH 3LQFNQH\D�3XEHQV 6&
3LQHODQG�3ODQWDLQ 3ODQWDJR�6SDUVLIORUD 6&
<HOORZ�)ULQJHOHVV�2UFKLG 3ODQDQWKHUD�,QWHJUD 6&
'ZDUI�0LOZRUW 3RO\JDOD�1DQD 6&
/HDI\�3RQGZHHG 3RWDPRJHWRQ�)ROLRVXV 6&
&UHVWHG�)ULQJHG�2UFKLG 3WHURJORVVDVSLV�(FULVWDWD 6&
0\UWOH�/HDI�2DN 4XHUFXV�0\UWLIROLD 6&
6RIW�+DLO�&RQHIORZHU 5XGEHFNLD�0ROOLV 6&
7LQ\�/HDYHG�%XFNWKRUQ 6DJHUHWLD�0LQXWLIORUD 6&
*UDVVOHDI�$UURZKHDG 6DJLWWDULD�&UDPLQHD�9DU�:HDWKHUELDQD 6&
&KDIIVHHG 6FKZDOEHD�$PHULFDQD )(
%DOGZLQ�1XWUXVK 6FOHULD�%DOGZLQLL 6&
*LDQW�6SLUDO�/DGLHV·�7UHVVHV 6SLUDQWKHV�/RQJLODEULV 6&
3RZGHU\�7KDOLD 7KDOLD�'HDOEDWD 6&

������������������������������������������������������������������������������������������������������������

.H\�WR�6\PEROV� )(  )HGHUDOO\�(QGDQJHUHG
)7  )HGHUDOO\�7KUHDWHQHG
1&  2I�&RQFHUQ��1DWLRQDO��XQRIILFLDO��SODQWV�RQO\�
5&  2I�&RQFHUQ��5HJLRQDO��XQRIILFLDO��SODQWV�RQO\�
6(  6WDWH�(QGDQJHUHG
67  6WDWH�7KUHDWHQHG
6&  2I�&RQFHUQ��6WDWH
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���� :HWODQGV���([LVWLQJ�&RQGLWLRQV

$Q�HFRORJLFDO�VWXG\�ZDV�SHUIRUPHG�WR�LGHQWLI\�WKH�H[LVWLQJ�SODQW�FRPPXQLW\
VWUXFWXUH�ZLWKLQ�WKH�61:5��DV�ZHOO�DV�RWKHU�ZHWODQGV�WKDW�PLJKW�SRWHQWLDOO\�EH
LPSDFWHG�E\�WKH�SURSRVHG�SURMHFW���7KH�PDMRU�WKUXVW�RI�WKH�VWXG\�ZDV�WR�LGHQWLI\�WKH
ZHWODQGV�ZLWKLQ�WKH�61:5�DQG�WR�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ�H[LVWLQJ
YHJHWDWLRQ�DQG�VDOLQLW\�JUDGLHQWV�WKURXJKRXW�WKH�DUHD���2WKHU�ZHWODQGV�LQYHVWLJDWHG
LQFOXGHG�ZHWODQGV�WKDW�ZRXOG�EH�ORVW�GXH�WR�FRQVWUXFWLRQ�DFWLYLWLHV��VXFK�DV�FKDQQHO
ZLGHQLQJ�DQG�GUHGJHG�PDWHULDO�GLVSRVDO���7KH�H[LVWLQJ�FRQGLWLRQV�ZLWKLQ�WKH�GLUHFW
LPSDFW�ZHWODQG�DUHDV��FRQVLVWLQJ�RI�ZHWODQG�DUHDV�WKDW�PD\�EH�GLUHFWO\�DIIHFWHG�GXH�WR
FRQVWUXFWLRQ�DFWLYLWLHV��DQG�WKH�LQGLUHFW�LPSDFW�DUHDV��SULPDULO\�WKH�61:5��ZHUH
LQYHVWLJDWHG���7KH�ZHWODQG�W\SHV�DQG�WKHLU�ORFDWLRQV�DUH�GLVFXVVHG�EHORZ���$�GHWDLOHG
UHSRUW�RI�WKH�WLGDO�ZHWODQG�LQYHVWLJDWLRQV�ZLWKLQ�WKH�61:5�LV�IRXQG�LQ�(QFORVXUH�*�
LQ�D�UHSRUW�SUHSDUHG�E\�$70�WLWOHG��(FRORJLFDO�6WXG\�RI�WKH�7LGDO�0DUVKHV�RI�WKH�61:5�

������ (FRORJLFDO�6WXG\�DQG�,WV�5HODWLRQVKLS�WR�3UHYLRXV�6WXGLHV

6WXGLHV�FRQGXFWHG�LQ�WKH�ODWH�����V��3HDUOVWLQH��HW�DO���������LGHQWLILHG�WKH�RSHUDWLRQ
RI�WKH�WLGH�JDWH��DQG�WKH�FRQQHFWLRQ�IURP�WKH�/LWWOH�%DFN�5LYHU�WR�WKH�0LGGOH�5LYHU�DV
WKH�SULPDU\�FDXVHV�RI�LQFUHDVHG�VDOLQLW\�OHYHOV�ZLWKLQ�WKH�61:5���'XH�WR�LPSDFWV�WR
IUHVKZDWHU�ZHWODQGV�ZLWKLQ�WKH�61:5��WKH�WLGH�JDWH�ZDV�WDNHQ�RXW�RI�RSHUDWLRQ�DQG
1HZ�&XW�ZDV�FORVHG���7KHVH�DFWLRQV�ZHUH�XQGHUWDNHQ�GXULQJ�WKH�����������KDUERU
GHHSHQLQJ�SURMHFW���

7KH�SXUSRVH�RI�WKH�3HDUOVWLQH�HW�DO���������VWXG\�ZDV�WR�GHYHORS�D�KDELWDW�VXFFHVVLRQ
PRGHO�IRU�ZHWODQGV�ZLWKLQ�D�SRUWLRQ�RI�WKH�61:5���7KHLU�PRGHO�ZDV�XVHG�WR�SUHGLFW
WKH�H[WHQW�RI�UHFRYHU\�RI�WLGDO�IUHVKZDWHU�PDUVKHV�LI�WKH�WLGH�JDWH�ZHUH�WDNHQ�RXW�RI
RSHUDWLRQ���7KH�PRGHO�ZDV�DOVR�GHVLJQHG�IRU�XVH�DV�D�PRUH�JHQHUDO�WRRO�IRU
HYDOXDWLQJ�LPSDFWV�RI�IXWXUH�SURMHFWV�WKDW�PLJKW�DIIHFW�WKH�VDOLQLW\�UHJLPH�ZLWKLQ�WKH
ULYHU���

7KH�3HDUOVWLQH�HW�DO���������PRGHO�ZDV�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6��EDVHG��
,W�GLYLGHG�WKH�PDUVK�VWXG\�DUHD�LQWR�D�JULG�RI����PHWHU�VTXDUH�FHOOV���)RU�HDFK�FHOO�LQ
WKH�JULG��WKH�PDUVK�VXFFHVVLRQ�PRGHO�ZRXOG�HYDOXDWH�LQWHUVWLWLDO�VRLO�VDOLQLW\��JURXQG
HOHYDWLRQ��WKH�GLVWDQFH�IURP�WKH�SULPDU\�ULYHU�FKDQQHOV��DQG�WKH�GLVWDQFH�IURP
VHFRQGDU\�WLGDO�FKDQQHOV���%DVHG�RQ�LWV�HYDOXDWLRQ�RI�WKHVH�SDUDPHWHUV��WKH�PRGHO
WKHQ�DVVLJQHG�D�SUHGLFWHG�YHJHWDWLRQ�FODVV�WR�D�JULG�FHOO���%\�HYDOXDWLQJ�HDFK�FHOO�LQ
WKH�HQWLUH�JULG��DQG�DVVLJQLQJ�D�SUHGLFWHG�YHJHWDWLRQ�FODVV�WR�HDFK�FHOO��WKH�PRGHO
ZRXOG�WKHQ�FUHDWH�D�PDS�RI�SUHGLFWHG�PDUVK�YHJHWDWLRQ���%\�VLPSO\�FKDQJLQJ�WKH
LQSXW�ILOH�IRU�LQWHUVWLWLDO�VDOLQLWLHV��PDSV�RI�SUHGLFWHG�PDUVK�YHJHWDWLRQ�FRXOG�EH
SURGXFHG�WKDW�UHIOHFWHG�DQ\�VDOLQLW\�FRQGLWLRQ���8VLQJ�WKHLU�PRGHO��3HDUOVWLQH�HW�DO��
�������SUHGLFWHG�WKDW�LI�WKH�WLGH�JDWH�ZDV�WDNHQ�RXW�RI�VHUYLFH��WKH�WLGDO�IUHVKZDWHU
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PDUVK�ZRXOG�UHHVWDEOLVK�LWVHOI�GRZQVWUHDP��LQFUHDVLQJ�LWV�DUHDO�H[WHQW�VRPH����
SHUFHQW�RYHU�WKH�WKHQ�H[LVWLQJ�IUHVKZDWHU�PDUVK�

3HDUOVWLQH�HW�DO���������XVHG�6327�VDWHOOLWH�LPDJHU\�WR�FODVVLI\�ZHWODQGV�ZLWKLQ�WKH
61:5���7KH�FODVVLILFDWLRQ�VFKHPH��ZKLFK�WKH\�GHYLVHG��DOORZHG�WKHP�WR�PDS�WKH
ORFDWLRQ�DQG�H[WHQW�RI�WKH�YDULRXV�W\SHV�RI�ZHWODQGV�ZLWKLQ�WKH�61:5��LQFOXGLQJ�WKH
WLGDO�IUHVKZDWHU�PDUVKHV���7KH�6327�LPDJHU\�ZDV�D�FRPSRVLWH�RI���VFHQHV�IURP�WKH
IDOO�RI������DQG�WKH�VSULQJ�RI��������6LQFH�WKH�WLGH�JDWH�KDG�EHHQ�RSHUDWLQJ�VLQFH������
WKH�UHVXOWLQJ�EDVH�PDS�UHIOHFWHG�WKH�H[WHQW�RI�WLGDO�IUHVKZDWHU�PDUVK�ZLWKLQ�WKH
61:5�DIWHU�DSSUR[LPDWHO\����\HDUV�RI�LQFUHDVHG�VDOLQLWLHV��

$IWHU�WKH�WLGH�JDWH�ZDV�WDNHQ�RXW�RI�RSHUDWLRQ�LQ�������/DWKDP�DQG�.LWFKHQV�������
FRQGXFWHG�D�VWXG\�IRU�6DYDQQDK�'LVWULFW�86$&(�WR�DWWHPSW�WR�GRFXPHQW�FKDQJHV�LQ
VDOLQLW\�DQG�YHJHWDWLRQ�DW�WKH�IRXU�SULPDU\�VWXG\�VLWHV�XVHG�IRU�WKH�3HDUOVWLQH�HW�DO�
�������VWXG\���)LHOG�ZRUN�IRU�WKLV�VWXG\�ZDV�FRQGXFWHG�LQ������DQG��������7KHLU
ILQGLQJV�ZHUH�WKDW�ULYHU�DQG�LQWHUVWLWLDO�VRLO�VDOLQLWLHV�KDG�GHFUHDVHG�DORQJ�WKH�ORZHU
6DYDQQDK�5LYHU�VLQFH�UHPRYDO�RI�WKH�WLGH�JDWH�DQG�VLJQLILFDQW�YHJHWDWLRQ�FKDQJHV
ZHUH�REVHUYHG�DW�IRUPHUO\�ROLJRKDOLQH�DQG�PHVRKDOLQH�VLWHV���7KHVH�UHVXOWV�ZHUH
XVHG�WR�FRQFOXGH�WKDW�IUHVKZDWHU�FRQGLWLRQV�LQ�WKH�ULYHU�FKDQQHOV�DQG�PDUVK�VRLOV
ZHUH�DOORZLQJ�D�UHHVWDEOLVKPHQW�RI�IUHVKZDWHU�YHJHWDWLRQ�

/DWKDP�DQG�.LWFKHQV��������GLG�QRW�SURGXFH�DQ\�YHJHWDWLRQ�PDSV�ZLWK�WKHLU�VWXG\
IURP�ZKLFK�WR�FRPSDUH�FXUUHQW�����������ZLWK�WKH�EDVH�PDS�SUHSDUHG�E\�3HDUOVWLQH
HW�DO������������1R�PDSV�RI�H[LVWLQJ�YHJHWDWLRQ�DUH�DYDLODEOH�WKDW�ZRXOG�GRFXPHQW
UHFRYHU\�RI�IUHVKZDWHU�WLGDO�PDUVKHV�VLQFH�UHPRYDO�RI�WKH�WLGH�JDWH�

7KH�VWXGLHV�SHUIRUPHG�E\�3HDUOVWLQH�HW�DO�����������/DWKDP�DQG�.LWFKHQV��������DQG
RWKHUV�KDYH�SURYLGHG�D�YDOXDEOH�WRRO�WKDW�DOORZHG�WKH�SUHVHQW�VWXG\�WR�PDNH�D
FRPSDULVRQ�WR�SUHYLRXV�FRQGLWLRQV�DQG�WR�WKXV�DVVHVV�YHJHWDWLRQ�FKDQJHV�RYHU�D
SHULRG�RI�WLPH���:LWKRXW�WKHVH�VWXGLHV��DQ\�FRQFOXVLRQV�EDVHG�XSRQ�WKH�SUHVHQW
VWXG\�UHJDUGLQJ�SODQW�VXFFHVVLRQ�ZRXOG�EH�HQWLUHO\�VSHFXODWLYH�

7KH�IROORZLQJ�VXEVHFWLRQV�GHVFULEH�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGRORJLHV
HPSOR\HG�E\�$70�IRU�GHWHUPLQLQJ�SODQW�VSHFLHV�FRPSRVLWLRQ�ZLWKLQ�WKH�WLGDO�PDUVK
DUHDV�DQG�VSHFLHV�DEXQGDQFH�ZLWK�UHVSHFW�WR�H[LVWLQJ�VDOLQLW\�JUDGLHQWV���7KH�SODQW
VSHFLHV�LGHQWLILHG�LQ�WKH�ILHOG�DUH�SUHVHQWHG�XVLQJ�YDULRXV�GDWD�DQDO\VLV�WHFKQLTXHV��
7KH�UHVXOWV�IRU�HDFK�DUHD�LQYHVWLJDWHG�DUH�EULHIO\�VXPPDUL]HG���0RUH�GHWDLOHG
LQIRUPDWLRQ�LV�LQFOXGHG�LQ�(QFORVXUH�*��(FRORJLFDO�6WXG\���)LQDOO\��D�FRPSDULVRQ�RI
WKH�VSHFLHV�FRPSRVLWLRQ�EHWZHHQ�WKH�GLIIHUHQW�VWXG\�DUHDV�LV�PDGH��

������ 0HWKRGRORJ\

�������� 4XDQWLWDWLYH�9HJHWDWLRQ�0RQLWRULQJ

7HQ������SHUPDQHQW�TXDQWLWDWLYH�YHJHWDWLRQ�TXDGUDWV�ZHUH�HVWDEOLVKHG�LQ
XQLPSRXQGHG�WLGDO�PDUVK�DUHDV�RI�WKH�61:5�DQG�ORZHU�6DYDQQDK�5LYHU��)LJXUH���
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������7KH�FRQILJXUDWLRQ�IRU�D�VWDQGDUG�TXDGUDW�LV�JLYHQ�LQ�)LJXUH��������7KH�JHQHUDO
SXUSRVH�RI�WKH�TXDQWLWDWLYH�VWXG\�ZDV�WR�DFFXUDWHO\�GHWHUPLQH�WKH�SODQW�VSHFLHV
FRPSRVLWLRQ�RI�WKH�WLGDO�PDUVK�DUHDV�DQG�GHVFULEH�WKH�VSHFLHV�DEXQGDQFH�DQG
SRSXODWLRQ�VWUXFWXUH�ZLWK�UHVSHFW�WR�H[LVWLQJ�VDOLQLW\�JUDGLHQWV���$�GHWDLOHG
SUHVHQWDWLRQ�RI�WKH�PHWKRGRORJ\�IRU�YHJHWDWLRQ�PRQLWRULQJ�LV�SUHVHQWHG�LQ�(QFORVXUH
*���([LVWLQJ�VXUIDFH�ZDWHU�DQG�VHGLPHQW�VDOLQLW\�GDWD�IRU�HDFK�UHVSHFWLYH�TXDGUDW
ORFDWLRQ�LV�SUHVHQWHG�LQ�)LJXUH������

�������� 0HDVXUHPHQW�RI�+HUEDFHRXV�6L]H�&ODVV�9HJHWDWLRQ

+HUEDFHRXV�YHJHWDWLRQ�LQ�HDFK�TXDGUDW�ZDV�PRQLWRUHG�XVLQJ�D�PRGLILHG�OLQH�
LQWHUFHSW�WHFKQLTXH���7KH�PRGLILHG�PHWKRG�LQFRUSRUDWHV�WKH�SULQFLSOH�RI�WKH�OLQH�
LQWHUFHSW�PHWKRG�GHVFULEHG�E\�3KLOOLSV����������+RZHYHU��WKH�ZLGWK�RI�WKH�TXDGUDW�LV
H[WHQGHG�WR���IHHW�VR�WKDW�DQ�HORQJDWHG�VDPSOLQJ�TXDGUDW�LV�IRUPHG��DQG�FRYHU
FODVVLILFDWLRQV�DQG�SHUPDQHQW�IUHTXHQF\�LQWHUYDOV�DUH�HVWDEOLVKHG���7KLV�VDPSOLQJ
PHWKRG�HVWDEOLVKHV�DQ�DEVROXWH�PHDVXUH�RI�VSHFLHV�RFFXUUHQFH�E\�XVLQJ�GHILQHG
IUHTXHQF\�LQWHUYDOV���(DFK�TXDGUDW�LV�����WR�����IHHW�ORQJ��FRQVLVWLQJ�RI����WR���
FRQWLJXRXV����IRRW�FRYHU�LQWHUYDOV��FRPSULVLQJ�����WR�����FRQWLJXRXV�IUHTXHQF\
LQWHUYDOV��DOO�RI�ZKLFK�DUH���IHHW�ZLGH��

�������� &ODVVLILFDWLRQ�RI�([LVWLQJ�3ODQW�&RPPXQLWLHV

7KH�FODVVLILFDWLRQ�DQG�GLVWULEXWLRQ�RI�WKH�H[LVWLQJ�SODQW�FRPPXQLWLHV�ZDV�SHUIRUPHG
ZLWK�WKH�XVH�RI�*,6�WHFKQRORJ\���6DWHOOLWH�LPDJHU\�ZDV�REWDLQHG�LQ�WKH�IRUP�RI�6327
0XOWLVSHFWUDO����P�UHVROXWLRQ�IRU�WKH�GDWHV�RI�$XJXVW����������DQG�2FWREHU����������
6XSHUYLVHG�SODQW�FRPPXQLW\�FODVVLILFDWLRQV�ZHUH�JHQHUDWHG�EDVHG�XSRQ�VLWH�VSHFLILF
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�FRYHU�DQG�IUHTXHQF\�GDWD���,Q�DGGLWLRQ�WR�WKH
TXDQWLWDWLYH�TXDGUDWV�����TXDOLWDWLYH�SORWV�ZHUH�HVWDEOLVKHG�WR�KHOS�GRFXPHQW�WKH
H[LVWLQJ�SODQW�FRPPXQLWLHV���/RFDWLRQV�RI�WKH�TXDOLWDWLYH�SORWV�DUH�JLYHQ�LQ�)LJXUH���
�����,Q�HDFK�DUHD��DOO�SODQW�VSHFLHV�ZHUH�UHFRUGHG�DV�ZHOO�DV�FRYHUDJH�GDWD�EDVHG�RQ
WKH�UDQJHV�ZKLFK�DUH�GHVFULEHG�LQ�(QFORVXUH�*��7DEOH����

�������� 'DWD�$QDO\VLV

7KH�YDULDELOLW\�RI�WKH�V\VWHP�XQGHU�LQYHVWLJDWLRQ�UHTXLUHG�WKH�XVH�RI�YDULRXV�GDWD
DQDO\VLV�WHFKQLTXHV�WR�GHVFULEH�WKH�YDULDWLRQV�LQ�SODQW�FRPPXQLW\�VWUXFWXUH�LQ
UHODWLRQ�WR�VDOLQLW\�JUDGLHQWV���7KH���W\SHV�RI�YHJHWDWLRQ�VWDWLVWLFV�WKDW�ZHUH�XVHG�WR
RUGHU�WKH�ILHOG�GDWD�DUH�DV�IROORZV�

6SHFLHV�$UHD�&XUYHV���6SHFLHV�DUHD�FXUYHV�ZHUH�FRQVWUXFWHG�WR�VKRZ�WKH�LQFUHDVH�LQ
WKH�FXPXODWLYH�WRWDO�QXPEHU�RI�VSHFLHV�DV�HDFK�DGGLWLRQDO�TXDGUDW�KDV�EHHQ�DGGHG�WR
WKH�GDWD�VHW���6SHFLHV�DUHD�FXUYHV�KDYH�WUDGLWLRQDOO\�EHHQ�XVHG�WR�GHILQH�WKH�DPRXQW
RI�VDPSOH�DUHD�QHHGHG�WR�DFFXUDWHO\�GHVFULEH�WKH�SODQW�SRSXODWLRQV�EHLQJ
LQYHVWLJDWHG���7KHVH�FXUYHV�ZHUH�FRQVWUXFWHG�LQ���ZD\V��ILUVW�ZLWK�TXDGUDW�DUHDV
DUUDQJHG�LQ�RUGHU�RI�PRVW�VDOLQH�WR�OHDVW�VDOLQH��DQG�VHFRQG��UHFLSURFDOO\��IURP�WKH
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PRVW�IUHVKZDWHU�VLWH�WR�WKH�PRVW�VDOLQH���7KH�FXUYHV�DUH�VKRZQ�RQ�)LJXUHV������DQG
�������7KLV�DQDO\VLV�ZDV�SHUIRUPHG�QRW�RQO\�WR�VKRZ�WKH�HIIHFW�RI�VDPSOH�DUHD�RQ
WRWDO�VSHFLHV�IRXQG��EXW�WR�DOVR�VKRZ�WKH�UHODWLRQVKLS�RI�WRWDO�FXPXODWLYH�QXPEHU�RI
VSHFLHV�ZLWK�UHVSHFW�WR�VDOLQLW\�JUDGLHQWV���6DOLQLW\�JUDGLHQWV�ZHUH�GHWHUPLQHG�EDVHG
RQ�PD[LPXP�VXUIDFH�ZDWHU�VDOLQLWLHV�PHDVXUHG�IURP�-XO\����������WKURXJK�2FWREHU���
������DW�HDFK�UHVSHFWLYH�ORFDWLRQ��)LJXUH�������

6SHFLHV�&RPSRVLWLRQ���7KH�VSHFLHV�RFFXUULQJ�LQ�D�JLYHQ�TXDGUDW�DUHD�DUH�SUHVHQWHG�DV
D�IXQFWLRQ�RI�WKH�UHODWLYH�IUHTXHQF\�RI�HDFK�VSHFLHV�SUHVHQW���5HODWLYH�IUHTXHQF\�LV
GHILQHG�DV�WKH�QXPEHU�RI�IUHTXHQF\�LQWHUYDOV�LQ�ZKLFK�WKH�VSHFLHV�RFFXUUHG�GLYLGHG
E\�WKH�WRWDO�IUHTXHQF\�RI�DOO�VSHFLHV���7KLV�VWDWLVWLF��DV�SUHVHQWHG��UHSUHVHQWV�WKH
SUREDELOLW\�RI�HQFRXQWHULQJ�D�JLYHQ�VSHFLHV�LQ�D�JLYHQ�DUHD�RI�WKH�VDPSOH�TXDGUDW�

3RSXODWLRQ�6WUXFWXUH���7R�DQDO\]H�WKH�JHQHUDO�SRSXODWLRQ�VWUXFWXUH�RI�WKH����VDPSOH
DUHDV��VSHFLHV�DEXQGDQFH�YHUVXV�VSHFLHV�UDQN�FXUYHV�ZHUH�JHQHUDWHG���7KH�H[WHQVLYH
DQDO\VLV�RI�VSHFLHV�DEXQGDQFH�DQG�UDQN�UHODWLRQVKLSV�ZDV�SHUIRUPHG�WR�HVWDEOLVK
VSHFLHV�ULFKQHVV�DQG�HYHQQHVV�UHODWLRQVKLSV�DPRQJ�WKH����TXDGUDW�DUHDV�DV
FRPSDUHG�WR�H[LVWLQJ�VDOLQLW\�JUDGLHQWV���7KHVH�FXUYHV�DUH�W\SLFDOO\�UHIHUUHG�WR�DV
:KLWWDNHU�SORWV�LQ�ZKLFK�WKH�<�D[LV�FRUUHVSRQGV�WR�VRPH�IRUP�RI�DEXQGDQFH
PHDVXUH��:KLWWDNHU����������7KH�;�D[LV�UHSUHVHQWV�WKH�UDQN�RI�VSHFLHV�´1µ�IURP��
�PRVW�DEXQGDQW�VSHFLHV��WR�´1µ��PRVW�UDUH�VSHFLHV����7KH�UHVXOWLQJ�SORWV�W\SLFDOO\
JLYH�FXUYHV�RI�JHRPHWULF��VWUDLJKW�OLQH��VWHHS�VORSH��LQGLFDWLQJ�ORZ�VSHFLHV�GLYHUVLW\��
ORJDULWKPLF��VWUDLJKW�OLQH��JUDGXDO�VORSH��LQGLFDWLQJ�PD[LPXP�QXPEHUV�RI�UDUH
VSHFLHV���DQG�ORJ�QRUPDO�GLVWULEXWLRQV��6�VKDSHG��LQGLFDWLQJ�WKH�PD[LPXP�QXPEHU
RI�VSHFLHV�ZLWK�LQWHUPHGLDWH�LPSRUWDQFH���

6SHFLHV�'LVWULEXWLRQ�3DWWHUQV���7KH�IUHTXHQFLHV�RI�DOO�VSHFLHV�IRU�DOO�DUHDV�RI�WKH
TXDGUDW�DUH�SUHVHQWHG�JUDSKLFDOO\�RQ�)LJXUH��������7KLV�SURFHGXUH�DOORZV�YLVXDO
UHSUHVHQWDWLRQ�RI�VSHFLHV�RFFXUUHQFH�SDWWHUQV�LQ�UHODWLRQ�WR�RQH�DQRWKHU�DQG�DOVR�LQ
UHODWLRQ�WR�VSHFLILF�FKHPLFDO�RU�SK\VLFDO�SDUDPHWHUV�VXFK�DV�VDOLQLW\��GLVWDQFH�IURP
ULYHU�FKDQQHO��HOHYDWLRQ��RU�VHGLPHQW�VWUXFWXUH�

3ODQW�&RPPXQLW\�6LPLODULW\���3ODQW�FRPPXQLW\�VLPLODULW\�LQGLFHV�ZHUH�FDOFXODWHG
IRU�DOO�SRVVLEOH�FRPSDULVRQV�RI�WKH����TXDQWLWDWLYH�TXDGUDWV���7R�FDOFXODWH�WKHVH
VWDWLVWLFV����FRPPRQ�VLPLODULW\�LQGLFHV�ZHUH�XVHG���7KH�ILUVW�LV�6¡UHQVHQ·V�VLPLODULW\
FRHIILFLHQW��6V��DQG�WKH�VHFRQG�PHDVXUH�RI�VLPLODULW\�XVHG�LV�-DFFDUG·V�FRPPXQLW\
FRHIILFLHQW��6M����7KHVH�LQGLFHV�VHUYH�DV�D�PHFKDQLVP�WR�FRPSDUH�WKH�VSHFLHV
FRPSRVLWLRQ�EDVHG�RQ�WKH�SUHVHQFH�DEVHQFH�GDWD�RI�WKH����TXDGUDW�DUHDV�DQG��WKXV�
HQDEOH�YHU\�JHQHUDO�REVHUYDWLRQV�DERXW�WKH�VLPLODULWLHV�RI�WKH�VSHFLHV�DVVRFLDWLRQV�WR
EH�PDGH�
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������ 5HVXOWV

�������� 3ODQW�6SHFLHV�DQG�6SHFLHV�$UHD�&XUYHV

6SHFLHV�FRGHV��ERWDQLFDO�QDPHV��FRPPRQ�QDPHV��DQG�86$&(�UHJLRQDO�DQG�QDWLRQDO
ZHWODQG�LQGLFDWRUV�RI�DOO�SODQW�VSHFLHV�REVHUYHG�DW�WKH�61:5�DUH�IRXQG�LQ�(QFORVXUH
*��3DJH�����7DEOH�����3ODQW�VSHFLHV�IRXQG�LQ�HDFK�LQGLYLGXDO�TXDGUDW�DUH�SUHVHQWHG�LQ
7DEOH����RI�(QFORVXUH�*���7KH�IUHTXHQF\�DQG�FRYHU�GDWD�PDWUL[�REWDLQHG�IRU�DOO
VSHFLHV�LQ�DOO�TXDGUDW�DUHDV�LV�VXPPDUL]HG�LQ�(QFORVXUH�*��(FRORJLFDO�6WXG\�RI�WKH
7LGDO�0DUVKHV�RI�WKH�61:5��7DEOH�$�����4XDGUDW�VXPPDU\�VWDWLVWLFV�IRU�VSHFLHV�FRYHU
DQG�IUHTXHQF\�DUH�JLYHQ�LQ�7DEOH�����0HDQ�SHUFHQW�FRYHU�HVWLPDWHV�IRU�DOO�VSHFLHV
RFFXUULQJ�LQ�TXDOLWDWLYH�SORWV�DUH�WDEXODWHG�LQ�7DEOH���

7R�VLPSOLI\�UHYLHZ�RI�WKH�GDWD��GHVFULSWLRQV�RI�SODQW�VSHFLHV�FRPSRVLWLRQ�DQG
FRPPXQLW\�VWUXFWXUH�DUH�JLYHQ�RQ�D�TXDGUDW�E\�TXDGUDW�EDVLV�LQ�D�JHQHUDO�RUGHU�IURP
WKH�PRVW�VDOLQH�WR�OHDVW�VDOLQH�TXDGUDW���6SHFLHV�DUHD�FXUYH�SORWV�DUH�SUHVHQWHG�LQ�)LJXUH
�����IRU�PRVW�VDOLQH�WR�OHDVW�VDOLQH�GLVWULEXWLRQV�DQG�)LJXUH������IRU�OHDVW�VDOLQH�WR
PRVW�VDOLQH�GLVWULEXWLRQV���$�WRWDO�RI�����VSHFLHV�ZHUH�IRXQG�LQ�DOO����TXDQWLWDWLYH
TXDGUDWV��UDQJLQJ�IURP�D�PLQLPXP�RI���VSHFLHV�IRXQG�LQ�4XDGUDW���WR�D�PD[LPXP
RI����VSHFLHV�IRXQG�LQ�4XDGUDW�����7KH�IRUP�RI�WKH�FXUYHV�VKRZV���REYLRXV�WUHQGV�

• )LUVW��WKH�WRWDO�FXPXODWLYH�QXPEHU�RI�VSHFLHV�LQFUHDVHV�LQFUHPHQWDOO\�LI�SORWWHG
IURP�WKH�PRVW�VDOLQH�TXDGUDW�WR�WKH�OHDVW�VDOLQH�TXDGUDW���

• 6HFRQG��LI�YLHZHG�LQ�WKH�UHYHUVH�IDVKLRQ��LW�LV�VKRZQ�WKDW�RQO\���DGGLWLRQDO
VSHFLHV�DUH�DGGHG�ZLWK�WKH�DGGLWLRQ�RI�WKH�ILQDO���PRVW�VDOLQH�TXDGUDWV���7KH
UHVXOWV�FOHDUO\�VKRZ�D�VLPSOH��YHU\�LPSRUWDQW�WUHQG�LQ�WKLV�V\VWHP���$V�VDOLQLW\
GHFUHDVHV��VSHFLHV�GLYHUVLW\�LQFUHDVHV���7KLV�VLPSOH�D[LRP�VHUYHV�DV�DQ�LPSRUWDQW�WRRO�LQ
FRPSDULQJ�SDVW�DQG�IXWXUH�VXFFHVVLRQ�WUHQGV�ZLWKLQ�WKLV�V\VWHP�

7KH�IROORZLQJ�VXEVHFWLRQ�SURYLGHV�D�YHU\�EULHI�VXPPDU\�RI�WKH�FKLHI�ILQGLQJV�IRU
HDFK�TXDGUDW���)RU�D�GHWDLOHG�DFFRXQW�RI�FRPPXQLW\�GHVFULSWLRQV�VHH�(QFORVXUH�*��

�������� ([LVWLQJ�&RQGLWLRQ�RI�4XDGUDWV

���������� 4XDGUDW����%DFN�5LYHU

7KLV�LV�WKH�PRVW�VDOLQH�RI�WKH�VWXG\�DUHDV��ZLWK�PD[LPXP�VXUIDFH�DQG�ERWWRP
VDOLQLWLHV�H[FHHGLQJ����SSW��)LJXUH���������3UHVHQWO\��WKLV�V\VWHP�FKDUDFWHULVWLFDOO\
H[SHULHQFHV�VDOLQLW\�FRQGLWLRQV�UDQJLQJ�IURP�ROLJRKDOLQH������WR���SSW��WR�PHVRKDOLQH
���WR����SSW����7KH�WRWDO�QXPEHU�RI�VSHFLHV�IRXQG�LQ�WKH�VDPSOH�DUHD�ZDV����WKRXJK�DOO
��VSHFLHV��ZLWK�WKH�H[FHSWLRQ�RI�VDOW�PDUVK�IOHDEDQH��3OXFKHD�RGRUDWD�>/�@�&DVV���ZHUH
UHODWLYHO\�DEXQGDQW���7\SKD�DQJXVWLIROLD�/���ZDV�WKH�PRVW�DEXQGDQW��
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���������� 4XDGUDW�����0LGGOH�5LYHU

7KH�PD[LPXP�SURMHFWHG�VXUIDFH�ZDWHU�DQG�ERWWRP�VDOLQLWLHV�RFFXUULQJ�DW�WKLV
ORFDWLRQ�DUH�DSSUR[LPDWHO\����SSW��)LJXUH��������WKRXJK�WKH�DUHD�LV�VXEMHFWHG�WR�D
ZLGH�UDQJH�RI�VDOLQLW\�FRQGLWLRQV���7KH�WRWDO�QXPEHU�RI�VSHFLHV�IRXQG�LQ�WKH�TXDGUDW
ZDV������7KH�PRVW�GRPLQDQW�VSHFLHV�RFFXUULQJ�LQ�WKH�DUHD�ZDV�VRIW�VWHP�EXOUXVK
�6FLUSXV�YDOLGXV�9DKO���

���������� 4XDGUDW����0LGGOH�5LYHU

7KH�PD[LPXP�VXUIDFH�ZDWHU�DQG�ERWWRP�VDOLQLWLHV�IRXQG�IRU�WKLV�DUHD�DUH
DSSUR[LPDWHO\�����SSW��)LJXUH���������,QWHUVWLWLDO�VHGLPHQW�VDOLQLWLHV�UDQJHG�IURP����
WR�����SSW��ZKLOH����SHUFHQW�DQG����SHUFHQW�VDOLQLW\�YDOXHV�DW�������FXELF�IHHW�SHU
VHFRQG�HTXDO������DQG������SSW��UHVSHFWLYHO\���6LPLODU�WR�WKH�4XDGUDW����ORFDWLRQ�
WKHVH�YDOXHV�UDQJH�IURP�IUHVKZDWHU��OHVV�WKDQ�����SSW��WR�ROLJRKDOLQH������WR���SSW��WR
PHVRKDOLQH����WR����SSW��FRQGLWLRQV���$�WRWDO�RI����VSHFLHV�ZDV�IRXQG�LQ�4XDGUDW����
$Q�DEUXSW�WUDQVLWLRQ�RFFXUV�LQ�4XDGUDW����ZKLFK�DOVR�RFFXUV�LQ�RWKHU�DUHDV�DQG�LV�
WKHUHIRUH��RI�JHQHUDO�LPSRUWDQFH�IRU�WKH�V\VWHP�DV�D�ZKROH���7KH�IUHTXHQF\
GLVWULEXWLRQ�VFKHPDWLF��VKRZQ�RQ�)LJXUH�������VKRZV�D�GLVWLQFW�]RQDWLRQ�LQ�WKH
GLVWULEXWLRQ�RI�VHYHUDO�VSHFLHV��PRVW�QRWDEO\�WKDW�RI�FUHHSLQJ�VSLNHUXVK��(OHRFKDULV
IDOOD[�:HDWKHUE\��DQG�VRXWKHUQ�ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	
$VFKHUV���RFFXU�LQ�WKLV�DUHD���$W�����IHHW�IURP�WKH�0LGGOH�5LYHU�HGJH��VRXWKHUQ
ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	�$VFKHUV���GLVDSSHDUV�DQG�FUHHSLQJ
VSLNHUXVK��(OHRFKDULV�IDOOD[�HDUWK¨�RU�§IORDWLQJ�LVODQGV�¨��:HDWKHUE\��EHFRPHV�D�YHU\
GRPLQDQW�VSHFLHV���7KLV�WUDQVLWLRQ�LV�YLVXDOO\�YHU\�DEUXSW�DQG�GLUHFWO\�FRUUHVSRQGV�WR�WKH
RFFXUUHQFH�RI�WKH�XQFRQVROLGDWHG�VXEVWUDWH��EHWWHU�NQRZQ�DV�§WUHPEOLQJ�HDUWK¨���7KLV
VLWXDWLRQ�LV�W\SLFDO�RI�PDQ\�DUHDV�ORFDWHG�LQ�WKH�FHQWUDO�PDUVK�UHJLRQV�O\LQJ�EHWZHHQ
WKH�%DFN�DQG�0LGGOH�5LYHUV�QRUWK�RI�5LIOH�&XW�DQG�WKH�0LGGOH�DQG�)URQW�5LYHUV
QRUWK�RI�6WHDPERDW�5LYHU���7KHVH�DUHDV�DSSDUHQWO\�GR�QRW�IORRG�DV�IUHTXHQWO\�DV
DGMDFHQW�DUHDV�ZLWK�FRQVROLGDWHG�VHGLPHQWV�EHFDXVH�WKH�PDW�DSSHDUV�WR�ULVH�DQG�IDOO
WR�VRPH�GHJUHH�ZLWK�KLJK�WLGH�HYHQWV�

���������� 4XDGUDW����/LWWOH�%DFN�5LYHU

7KH�PD[LPXP�VXUIDFH�ZDWHU�DQG�ERWWRP�VDOLQLWLHV�LQWHUSRODWHG�IRU�WKLV�TXDGUDW�DUHD
DUH�DSSUR[LPDWHO\���DQG���SSW��UHVSHFWLYHO\��)LJXUH���������7KH�LQWHUVWLWLDO�VHGLPHQW
ZDWHU�VDOLQLW\�PHDVXUHG�UDQJHG�IURP�����WR�����SSW���%DVHG�RQ�WKHVH�YDOXHV��VDOLQLW\
UDQJHV�LQ�WKLV�DUHD�YDU\�IURP�IUHVKZDWHU��OHVV�WKDQ�����SSW��WR�PHVRKDOLQH����WR���
SSW��FRQGLWLRQV���$�WRWDO�RI����VSHFLHV�ZDV�IRXQG��WKH�PRVW�GRPLQDQW�VSHFLHV�LV�VRIW�
VWHP�EXOUXVK��6FLUSXV�YDOLGXV�9DKO��

���������� 4XDGUDW����/LWWOH�%DFN�5LYHU

7KH�PD[LPXP�LQWHUSRODWHG�VDOLQLWLHV�IRU�VXUIDFH�ZDWHU�DQG�ERWWRP�ORFDWLRQV�DUH����
DQG�����SSW��UHVSHFWLYHO\��IRU�WKLV�DUHD��)LJXUH���������,QWHUVWLWLDO�VHGLPHQW�ZDWHU
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VDOLQLWLHV�UDQJHG�IURP���WR�����SSW���7KHVH�YDOXHV�LQGLFDWH�WKLV�DUHD�LV�VXEMHFWHG�WR
IUHVKZDWHU��OHVV�WKDQ�����SSW��DQG�ROLJRKDOLQH������WR���SSW��VDOLQLW\�FRQGLWLRQV���$
WRWDO�RI����VSHFLHV�ZDV�REVHUYHG�LQ�WKLV�TXDGUDW�ZLWK�VRXWKHUQ�ZLOGULFH��=L]DQLRSVLV
PLOLDFHD�>0LFK[�@�'RHOO�	�$VFKHUV���WKH�PRVW�GRPLQDQW�VSHFLHV��

���������� 4XDGUDW����)URQW�5LYHU

$OWKRXJK�WKH�PD[LPXP�ERWWRP�DQG�VXUIDFH�VDOLQLWLHV�IRXQG�LQ�WKLV�DUHD�H[FHHG���
SSW��WKH����SHUFHQW�DQG����SHUFHQW�GLVWULEXWLRQ�YDOXHV�RI������DQG������SSW�
UHVSHFWLYHO\��ZHUH�ORZHU�WKDQ�WKRVH�IRXQG�IRU�WKH�4XDGUDW���ORFDWLRQ��)LJXUH��������
7KH�VHGLPHQW�VDOLQLWLHV�UDQJHG�IURP�����WR�����SSW���7KH�WRWDO�QXPEHU�RI�VSHFLHV
IRXQG�ZDV����DQG�WKH�GRPLQDQW�VSHFLHV�ZDV�VPRRWK�EHJJDU�WLFNV��%LGHQV�ODHYLV�>/�@
%63����ZKLFK�LV�D�SHUHQQLDO�KHUEDFHRXV�VSHFLHV���$OO�DUHDV�RI�WKH�TXDGUDW�ZHUH
FKDUDFWHUL]HG�DV�KDYLQJ�ILUP��FRQVROLGDWHG�VHGLPHQWV��ZLWK�QR�´WUHPEOLQJ�HDUWKµ
HQFRXQWHUHG�

���������� 4XDGUDW����)URQW�5LYHU

0D[LPXP�VXUIDFH�DQG�ERWWRP�VDOLQLWLHV�IRU�WKLV�DUHD�DUH�LQ�WKH�UDQJH�RI�����DQG����
SSW��UHVSHFWLYHO\��)LJXUH���������7KH�LQWHUVWLWLDO�VHGLPHQW�VDOLQLWLHV�UDQJH�IURP�����WR
����SSW���%DVHG�RQ�WKHVH�GDWD��WKLV�VLWH�H[SHULHQFHV�FRQGLWLRQV�UDQJLQJ�IURP
IUHVKZDWHU��OHVV�WKDQ�����SSW��WR�PHVRKDOLQH����WR����SSW��FRQGLWLRQV���$�WRWDO�RI���
VSHFLHV�ZDV�HQFRXQWHUHG���6SHFLHV�UDQN�DEXQGDQFH�SORWV�LQGLFDWH�D�JUHDWHU�WHQGHQF\
WRZDUG�D�ORJ�QRUPDO�GLVWULEXWLRQ��ZLWK�WKH�JUHDWHVW�QXPEHU�RI�VSHFLHV�EHLQJ�SUHVHQW
LQ�WKH�LQWHUPHGLDWH�JHRPHWULF�IUHTXHQF\�FODVVHV���7KH���PRVW�GRPLQDQW�VSHFLHV
SUHVHQW�LQ�WKLV�DUHD�DUH�FUHHSLQJ�VSLNHUXVK��(OHRFKDULV�IDOOD[�:HDWKHUE\��DQG
VRXWKHUQ�ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	�$VFKHUV���

���������� 4XDGUDW����0LGGOH�5LYHU

0D[LPXP�VXUIDFH�DQG�ERWWRP�VDOLQLWLHV�LQWHUSRODWHG�IRU�WKH�4XDGUDW���DUHD�DUH
DSSUR[LPDWHO\�����DQG�����SSW��UHVSHFWLYHO\��)LJXUH���������7KH����SHUFHQW�DQG���
SHUFHQW�IUHTXHQFLHV�IRU�VDOLQLWLHV�DUH������SSW�DQG������SSW��UHVSHFWLYHO\��DW������
FXELF�IHHW�SHU�VHFRQG���6HGLPHQW�VDOLQLW\�YDOXHV�PHDVXUHG�GXULQJ�WKH�ILHOG�VXUYH\
UDQJH�IURP�����WR�����SSW���7KHVH�YDOXHV�LQGLFDWH�WKDW�WKH�YHJHWDWLRQ�LQ�WKLV�UHJLRQ
W\SLFDOO\�H[SHULHQFHV�IUHVKZDWHU��OHVV�WKDQ�����SSW��WR�ROLJRKDOLQH������WR�����SSW�
FRQGLWLRQV��ZLWK�H[WUHPH�HYHQWV�EHLQJ�LQ�WKH�PHVRKDOLQH����WR����SSW��UDQJH���7KH
VSHFLHV�UDQN�DEXQGDQFH�FXUYHV�UHVHPEOH�D�ORJ�QRUPDO�W\SH�GLVWULEXWLRQ���7KH���PRVW
GRPLQDQW�VSHFLHV�DUH�FUHHSLQJ�VSLNHUXVK��(OHRFKDULV�IDOOD[�:HDWKHUE\��DQG�VRXWKHUQ
ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	�$VFKHUV�����7KH�PRVW�UHPDUNDEOH
GLIIHUHQFH�EHWZHHQ�WKLV�TXDGUDW�DQG�RWKHUV�GHVFULEHG�E\�PRUH�VDOLQH�FRQGLWLRQV�LV
WKH�QXPEHU�RI�YHU\�UDUHO\�RFFXUULQJ�VSHFLHV��ZKLFK�LV�D�GLUHFW�UHVXOW�RI�WKH�QXPEHU�RI
KLJKO\�YDULDEOH�KDELWDWV�DYDLODEOH��GXH�WR�WKH�VWUXFWXUH�RI�WKH�´WUHPEOLQJ�HDUWK�µ
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���������� 4XDGUDW����/LWWOH�%DFN�5LYHU

0D[LPXP�VXUIDFH�DQG�ERWWRP�VDOLQLWLHV�IRU�WKH�/LWWOH�%DFN�5LYHU�LQ�WKLV�DUHD�HTXDO
����DQG�����SSW��UHVSHFWLYHO\��)LJXUH���������,QWHUVWLWLDO�VHGLPHQW�VDOLQLWLHV�ZHUH�IRXQG
WR�UDQJH�IURP���WR�����SSW���7KHVH�GDWD�LQGLFDWH�WKDW�WKLV�SODQW�FRPPXQLW\�LV
SUHVHQWO\�H[SRVHG�WR�FRQGLWLRQV�UDQJLQJ�IURP�IUHVKZDWHU�WR�ROLJRKDOLQH���$�WRWDO�RI
���VSHFLHV�ZDV�UHFRUGHG�LQ�WKLV�DUHD��ZKLFK�ZDV�WKH�KLJKHVW�IRXQG�RI�DQ\�TXDGUDW��
7KH�VSHFLHV�UDQN�DEXQGDQFH�SORWV�GHSLFW�HVVHQWLDOO\�D�VWUDLJKW�OLQH�SORW�LQGLFDWLYH�RI
D�ORJDULWKPLF�VHULHV���7KH�PRVW�GRPLQDQW�VSHFLHV�RFFXUULQJ�LQ�WKH�VLWH�ZHUH�FUHHSLQJ
VSLNHUXVK��(OHRFKDULV�IDOOD[�:HDWKHUE\��DQG�VRXWKHUQ�ZLOGULFH��=L]DQLRSVLV�PLOLDFHD
>0LFK[�@�'RHOO�	�$VFKHUV�����7KH�VXEVWUDWH�LV�FRQVROLGDWHG�IRU�WKH�ILUVW�����IHHW�RI�WKLV
TXDGUDW�IURP�WKH�ULYHU�DQG�XQFRQVROLGDWHG�IRU�WKH�UHPDLQLQJ�����IHHW�RI�TXDGUDW
OHQJWK��ZLWK�YDU\LQJ�GHJUHHV�RI�´OLTXLGLW\µ�REVHUYHG�LQ�WKH�VHGLPHQWV���7KH�VWUXFWXUH
RI�WKH�XQFRQVROLGDWHG�PDW�JLYHV�ULVH�WR�D�QXPEHU�RI�KDELWDWV�QRW�SUHVHQW�LQ�RWKHU
DUHDV���+XPPRFNV�DUH�IRUPHG�IURP�GHDG�DQG�GHFD\LQJ�YHJHWDWLRQ��ZKLFK�DUH
FRORQL]HG�E\�D�KRVW�RI�RSSRUWXQLVWLF�VSHFLHV���,Q�DGGLWLRQ��WKH�H[WHQVLYH�KRJ�DFWLYLW\
LQ�WKHVH�DUHDV�KDV�GUDPDWLFDOO\�DOWHUHG�WKH�VHGLPHQW�VWUXFWXUH�DQG�GLVWULEXWLRQ�RI�WKH
YHJHWDWLRQ�

����������� ([LVWLQJ�&RQGLWLRQ�RI�4XDGUDW����0LGGOH�5LYHU

0D[LPXP�VXUIDFH�DQG�ERWWRP�VDOLQLWLHV�SURMHFWHG�IRU�WKH�4XDGUDW���DUHD�DUH
DSSUR[LPDWHO\�����SSW��)LJXUH���������)UHTXHQF\�GLVWULEXWLRQV�IRU�VXUIDFH�VDOLQLWLHV
LQWHUSRODWHG�DW�WKLV�DUHD�LQGLFDWH�WKDW����SHUFHQW�RI�WKH�WLPH�WKH�YDOXHV�DUH������SSW�RU
OHVV�DQG����SHUFHQW�RI�WKH�WLPH�WKH�YDOXHV�DUH�OHVV�WKDQ�����SSW�DW�������FXELF�IHHW�SHU
VHFRQG���6HGLPHQW�VDOLQLWLHV�PHDVXUHG�GXULQJ�WKH�VWXG\�ZHUH����ZKLOH�FRQGXFWLYLW\
YDOXHV�UDQJHG�IURP�����WR������PKRV�FP���$�WRWDO�RI����VSHFLHV�ZDV�GRFXPHQWHG�LQ
WKLV�TXDGUDW���7KH�VSHFLHV�UDQN�DEXQGDQFH�SORWV�VKRZ�D�FXUYH�LQGLFDWLYH�RI�D�ORJ�
QRUPDO�GLVWULEXWLRQ���6RXWKHUQ�ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	
$VFKHUV���LV�E\�IDU�WKH�PRVW�GRPLQDQW�VSHFLHV�RFFXUULQJ�LQ�WKH�DUHD���8QOLNH�RWKHU
DUHDV�ZLWKLQ�WKH�SUHGRPLQDWHO\�IUHVKZDWHU�DUHD��WKH�VHGLPHQWV�WKURXJKRXW�WKH
TXDGUDW�OHQJWK�ZHUH�FRQVROLGDWHG��ZLWK�QR�VL]DEOH�DUHDV�RI�´WUHPEOLQJ�HDUWKµ�EHLQJ
SUHVHQW���7KLV�ZRXOG�H[SODLQ�WKH�UHODWLYH�SDXFLW\�RI�VSHFLHV�DV�FRPSDUHG�WR�WKH
VLWXDWLRQ�H[LVWLQJ�LQ�WKH�4XDGUDW���DUHD�

�������� &RPSDULVRQ�RI�&RPPRQ�3ODQW�6SHFLHV�2FFXUULQJ

$PRQJ�4XDGUDW�/RFDWLRQV

7KH�FRPSDULVRQ�RI�WKH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�PRVW�FRPPRQ�VSHFLHV
HQFRXQWHUHG�LQ�WKH����TXDQWLWDWLYH�TXDGUDWV�LV�SUHVHQWHG�LQ�)LJXUH��������,Q�DOO���
TXDGUDW�DUHDV��D�WRWDO�TXDGUDW�OHQJWK�RI�������IHHW�ZDV�HVWDEOLVKHG���+HQFH��WKH�WRWDO
QXPEHU�RI�IUHTXHQF\�LQWHUYDOV�SUHVHQW�HTXDOV�������

6RXWKHUQ�ZLOGULFH��=L]DQLRSVLV�PLOLDFHD�>0LFK[�@�'RHOO�	�$VFKHUV���ZDV�WKH�PRVW
FRPPRQ�VSHFLHV�HQFRXQWHUHG���7KLV�VSHFLHV�ZDV�IRXQG�LQ�DOO�DUHDV�H[FHSW�WKH
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4XDGUDW���ORFDWLRQ��ZKLFK�H[SHULHQFHV�WKH�KLJKHVW�VDOLQLWLHV���7KH�GLVWULEXWLRQ�RI
VRXWKHUQ�ZLOGULFH�DOVR�LQGLFDWHG�D�WUHQG�IRU�JUHDWHU�IUHTXHQFLHV�WR�EH�IRXQG�LQ�WKH
PRUH�IUHVKZDWHU�DUHDV��L�H���PRYLQJ�IURP�VRXWK�WR�QRUWK�LQ�WKH�61:5���,Q�DGGLWLRQ�
WKH�JURZWK�IRUP�RI�VRXWKHUQ�ZLOGULFH�EHFRPHV�PRUH�YLJRURXV��H�J���WDOOHU��GHQVHU
VWDQGV��DV�VDOLQLW\�GHFUHDVHV���4XDGUDW���ZDV�WKH�H[FHSWLRQ�WR�WKLV�REVHUYDWLRQ���,Q
WKLV�DUHD��WKH�´IORDWLQJ�PDWVµ�VRPHZKDW�UHVWULFW�WKH�GLVWULEXWLRQ�RI�WKLV�VSHFLHV�

6RIW�VWHP�EXOOUXVK��6FLUSXV�YDOLGXV�9DKO��ZDV�WKH�VHFRQG�PRVW�IUHTXHQWO\
HQFRXQWHUHG�VSHFLHV��)LJXUH���������7KLV�VSHFLHV�ZDV�WKH�RQO\�VSHFLHV�WR�RFFXU�LQ�DOO
TXDGUDW�DUHDV��EXW�ZDV�LQIUHTXHQWO\�HQFRXQWHUHG�LQ�WKH�PRVW�IUHVKZDWHU�VLWHV
GHQRWHG�DV�4XDGUDWV���DQG�����$�UHGXFWLRQ�LQ�WKH�IUHTXHQF\�GLVWULEXWLRQ�ZDV
DSSDUHQW�LQ�WKH�PRVW�VDOLQH�DUHD��4XDGUDW����DQG�DOO�TXDGUDWV�ORFDWHG�QRUWK�RI
*HRUJLD�+LJKZD\�����3RUW�:HQWZRUWK���H[FHSW�4XDGUDW���

&UHHSLQJ�VSLNHUXVK��(OHRFKDULV�IDOOD[�:HDWKHUE\��ZDV�WKH�WKLUG�PRVW�IUHTXHQW
VSHFLHV��)LJXUH���������7KLV�VSHFLHV�ZDV�DEVHQW�LQ�4XDGUDWV���DQG���DQG�VKRZHG�D
YHU\�OLPLWHG�GLVWULEXWLRQ�LQ�4XDGUDWV���DQG�����7KLV�VSHFLHV��DV�KDV�EHHQ�SUHYLRXVO\
GHVFULEHG��KDV�GRPLQDQFH�UHVWULFWHG�WR�DUHDV�WKDW�DUH�FKDUDFWHUL]HG�E\�´WUHPEOLQJ
HDUWK�µ�ZKHUH�LW�WKULYHV���,Q�DUHDV�RI�FRPSDFW��FRQVROLGDWHG�VXEVWUDWHV��WKLV�VSHFLHV
KDV�D�UHVWULFWHG�GLVWULEXWLRQ��

(OOLRWW·V�DVWHU��$VWHU�HOOLRWWLL�7RUU���	�*UD\��DQG�VPRRWK�EHJJDU�WLFNV��%LGHQV�ODHYLV
>/�@�%63���DUH���YHU\�FRPPRQ�KHUEDFHRXV�SHUHQQLDO�VSHFLHV�RFFXUULQJ�WKURXJKRXW�WKH
61:5�WLGDO�PDUVKHV���(OOLRWW·V�DVWHU�RFFXUUHG�LQ�������������SHUFHQW��IUHTXHQF\
LQWHUYDOV���+RZHYHU��WKLV�VSHFLHV�ZDV�DEVHQW�IURP�TXDGUDWV�ORFDWHG�VRXWK�RI�*HRUJLD
+LJKZD\�����3RUW�:HQWZRUWK���VKRZLQJ�DQ�REYLRXV�LQWROHUDQFH�RI�KLJKHU�VDOLQLW\
FRQGLWLRQV���7KLV�VSHFLHV�PD\�VHUYH�DV�D�JRRG�LQGLFDWRU�RI�H[SDQVLRQ�RU�GHFOLQH�RI�WKH
JHQHUDO�IUHVKZDWHU�ERXQGDU\�LQ�WKLV�V\VWHP�

6PRRWK�EHJJDU�WLFNV��%LGHQV�ODHYLV�>/�@�%63���RFFXUUHG�LQ�����������SHUFHQW�
IUHTXHQF\�LQWHUYDOV���7KLV�VSHFLHV�LV�YHU\�GRPLQDQW�LQ�WKH�4XDGUDW���DUHD�DQG
DGMDFHQW�DUHDV�DQG�JLYHV�D�XQLTXH�VLJQDWXUH�RQ�IDOVH�FRORU�LQIUDUHGV�DQG�6327
VDWHOOLWH�LPDJHU\��HVSHFLDOO\�LQ�WKH�DUHD�ERXQG�EHWZHHQ�WKH�)URQW�DQG�0LGGOH�5LYHU
QRUWK�RI�*HRUJLD�+LJKZD\����H[WHQGLQJ�WR�6WHDPERDW�5LYHU���7KLV�VSHFLHV�RFFXUUHG
LQ�DOO�TXDGUDWV��H[FHSW�4XDGUDW����ZKLFK�VKRZV�D�WROHUDQFH�IRU�D�ZLGH�UDQJH�RI
IUHVKZDWHU�WR�EUDFNLVK�FRQGLWLRQV�

7KUHH�RWKHU�VSHFLHV�DUH�SUHVHQW�WKDW�VKRZ�D�SUHIHUHQFH�IRU�PRUH�VDOLQH�FRQGLWLRQV��
VDOW�PDUVK�FRUGJUDVV��6SDUWLQD�DOWHUQLIORUD�/RLVHOHXU���VDOW�PDUVK�EXOUXVK��6FLUSXV
UREXVWXV�3XUVK���DQG�WKH�KHUEDFHRXV�SHUHQQLDO�VDOW�PDUVK�DVWHU��$VWHU�WHQXLIROLXV�/���

7KH�VSHFLHV�RI�JUHDWHVW�LQWHUHVW�LQ�WKH�61:5�PD\�SUHVHQWO\�EH�QDUURZ�OHDI�FDWWDLO
�7\SKD�DQJXVWLIROLD�/�����1DUURZ�OHDI�FDWWDLO��7\SKD�DQJXVWLIROLD�/���RFFXUUHG�LQ�RQO\
����������SHUFHQW��IUHTXHQF\�LQWHUYDOV��EXW�ZDV�WKH�PRVW�GRPLQDQW�VSHFLHV�RFFXUULQJ
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LQ�WKH�PRUH�VDOLQH�4XDGUDW���DUHD��)LJXUH���������7KLV�VSHFLHV�LV�HQFRXQWHUHG�OHVV
IUHTXHQWO\�DV�VDOLQLW\�GHFUHDVHV��EHLQJ�DEVHQW�IURP�WKH�IUHVKZDWHU�4XDGUDW���DUHD
DQG�RFFXUULQJ�LQ�RQO\���LQWHUYDO�LQ�4XDGUDW�����,Q�UHYLHZ�RI������IDOVH�FRORU�LQIUDUHG
DHULDO�SKRWRJUDSKV��LW�LV�DSSDUHQW�WKDW�WKHUH�KDV�EHHQ�D�GUDPDWLF�LQFUHDVH�LQ�WKH
SRSXODWLRQ�RI�QDUURZ�OHDI�FDWWDLO��7\SKD�DQJXVWLIROLD�/���VRXWK�RI�*HRUJLD�+LJKZD\
���VLQFH�UHPRYDO�RI�WKH�WLGH�JDWH���7KLV�KDV�EHHQ�DFFRPSDQLHG�E\�DQ�DSSDUHQW
GHFUHDVH�LQ�WKH�RFFXUUHQFH�RI�WKLV�VSHFLHV�QRUWK�RI�*HRUJLD�+LJKZD\����EDVHG�RQ�WKH
KLVWRULF�GDWD�

�������� &RPSDULVRQ�RI�6SHFLHV�&RPSRVLWLRQ�%HWZHHQ

'LIIHUHQW�4XDGUDW�$UHDV

7KH�UHVXOWV�RI�DOO�VLPLODULW\�FRHIILFLHQW�FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�)LJXUH�������
%RWK�6¡UHQVHQ�DQG�-DFFDUG�VLPLODULW\�FRHIILFLHQWV�ZHUH�FDOFXODWHG�IRU�DOO�SRVVLEOH
SDLU�ZLVH�TXDGUDW�FRPSDULVRQV���7KHVH�FRHIILFLHQWV��DV�SUHYLRXVO\�PHQWLRQHG��VHUYH
DV�DQDO\WLFDO�WRROV�IRU�FRPSDULQJ�VSHFLHV�FRPSRVLWLRQ�EDVHG�RQ�WKH�SUHVHQFH�DEVHQFH
GDWD�RI�WKH�WHQ�TXDGUDW�DUHDV���7KH\�HQDEOH�RQH�WR�PDNH�YHU\�JHQHUDO�REVHUYDWLRQV
DERXW�VLPLODULWLHV�RI�WKH�VSHFLHV�DVVRFLDWLRQV�DFURVV�WKH�HQWLUH�V\VWHP��

7KH�XVH�RI�WKHVH�FRHIILFLHQWV�LV�HVSHFLDOO\�XVHIXO�IRU�HYDOXDWLQJ�WKH�SUHGLFWLRQV�RI
SUHYLRXV�VWXGLHV���,I�D�GUDPDWLF�LQFUHDVH�LQ�IUHVKZDWHU�PDUVK�KDG�RFFXUUHG
WKURXJKRXW�WKH�V\VWHP��WKHQ�RQH�ZRXOG�H[SHFW�KLJK�6¡UHQVHQ�DQG�-DFFDUG�VLPLODULW\
FRHIILFLHQWV��L�H���FRHIILFLHQWV�WKDW�ZRXOG�H[SUHVV�D�VWURQJ�VLPLODULW\�EHWZHHQ�SODQW
FRPPXQLWLHV�WKURXJKRXW�WKH�V\VWHP���+RZHYHU��DV�FDQ�UHDGLO\�EH�VHHQ�IURP�)LJXUHV
�����DQG�������WKH�FRHIILFLHQWV�RI�VLPLODULW\�DUH�TXLWH�ORZ�EHWZHHQ�WKH�JURXSHG�DUHDV�

7KH�TXDGUDWV�KDYH�EHHQ�JURXSHG�LQ���JURXSV�EDVHG�RQ�UHODWLYH�VLPLODULW\�WUHQGV�
�)LJXUH��������DV�IROORZV���

• *URXS����JUHHQ��LV�FRPSRVHG�RI�4XDGUDW���RQO\��ZKLFK�LV�WKH�DUHD�RI�KLJKHVW
PHDVXUHG�VDOLQLWLHV����7KLV�TXDGUDW�ZDV�PRVW�VLPLODU�LQ�VSHFLHV�FRPSRVLWLRQ�WR
TXDGUDWV�RI�*URXS����UHG���

• *URXS���WHQGV�WR�EH�FRPSRVHG�RI�TXDGUDWV�KDYLQJ�VDOLQLWLHV�LQWHUPHGLDWH
EHWZHHQ�IUHVK�DQG�VDOLQH���+RZHYHU��WKLV�WUHQG�LV�QRW�ZLWKRXW�H[FHSWLRQ���)RU
H[DPSOH��4XDGUDW���ZDV�SODFHG�ZLWKLQ�WKLV�JURXS��EXW�VDOLQLW\�YDOXHV�DORQH
ZRXOG�SODFH�WKLV�TXDGUDW�LQ�D�JUDGLHQW�SRVLWLRQ�EHWZHHQ�4XDGUDWV���DQG���HYHQ
WKRXJK�VSHFLHV�FRPSRVLWLRQ�VLPLODULWLHV�WR�WKHVH�DUHDV�ZHUH�VXEVWDQWLDOO\�ORZHU�

• *URXS����\HOORZ��FRQVLVWV�RI�RQO\�4XDGUDW����ZKLFK�ZDV�SODFHG�LQ�WKLV�SRVLWLRQ
VLQFH�LW�KDG�LQWHUPHGLDWH�VLPLODULWLHV�EHWZHHQ�WKH�WKUHH�PRVW�IUHVKZDWHU�TXDGUDWV
�4XDGUDWV�������DQG�����ZKLFK�DUH�GHVLJQDWHG�DV�*URXS����EOXH��DQG�*URXS��
�UHG���

• *URXS���WKH�PRVW�IUHVKZDWHU�TXDGUDWV��
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,Q�JHQHUDO��LW�FDQ�EH�VHHQ�WKDW�4XDGUDW���KDV�YHU\�ORZ�VLPLODULW\�ZLWK�4XDGUDWV������
���DQG���DQG�KLJKHU�VLPLODULWLHV��KRZHYHU�EHORZ������SSW��ZLWK�*URXS�����,Q�JHQHUDO�
WKHVH�JURXSV�FRUUHVSRQG�ZLWK�VDOLQLW\�JUDGLHQWV�UDQJLQJ�IURP�PHVRKDOLQH�WR
IUHVKZDWHU���$�VHFRQG�SRLQW�RI�VLJQLILFDQW�FRQVHTXHQFH�WR�WKH�SUHVHQW�VWXG\�LV�WKDW
*URXS����D�EUDFNLVK�DUHD��LV�GLVVLPLODU�WR�TXDGUDWV�RI�*URXS����WKH�IUHVKZDWHU�DUHDV��
7KH�GLVVLPLODULW\�EHWZHHQ�WKH�YHJHWDWLYH�FRPPXQLWLHV�EHWZHHQ�WKHVH���JURXSV�KDV
EHDULQJ�RQ�WKH�VWDWXV�RI�WKH�IUHVKZDWHU�UHFRYHU\�WKDW�KDG�EHHQ�SUHGLFWHG�IRU�WKHVH
V\VWHPV���,I�WKH�UHFRYHU\�KDG�RFFXUUHG��WKHQ�WKHVH���JURXSV�VKRXOG�KDYH�KDG�KLJKHU
VLPLODULW\�FRHIILFLHQWV��

,Q�JHQHUDO��EDVHG�XSRQ�SHUFHQW�VLPLODULW\�RI�SODQW�VSHFLHV��WKH�IUHVKZDWHU�VLWHV�
ZKLFK�DUH�DUHDV�RI�JUHDWHVW�VSHFLHV�GLYHUVLW\��DUH�FRQILQHG�QRUWK�RI�WKH�HDVW�ZHVW�OLQH
GUDZQ�DFURVV�WKH�QRUWKHUQPRVW�R[�ERZ�RI�6WHDPERDW�5LYHU�HDVW�WKURXJK�WKH�R[�ERZ
RI�WKH�/LWWOH�%DFN�5LYHU�ZKHUH�WKH�86):6�GRFN�LV�ORFDWHG���1RUWK�RI�WKLV�OLQH�LV�DOVR
ZKHUH�WKH�PDMRULW\�RI�WKH�´WUHPEOLQJ�HDUWKµ�RFFXUV���7KH�H[FHSWLRQ�LV�WKH�DUHD�RI
4XDGUDW����ZKLFK�LV�IRXQG�RQ�FRQVROLGDWHG�VHGLPHQWV��EXW�QHYHUWKHOHVV��H[KLELWV�D
GLYHUVH�DUUD\�RI�IUHVKZDWHU�VSHFLHV���

7KH�ZLGH�UDQJHV�RI�VDOLQLW\�FRQGLWLRQV�WR�ZKLFK�WKH�VLWHV�DUH�VXEMHFWHG�PD\�PLQLPL]H
WKH�UHODWLRQVKLSV�RI�VSHFLHV�RFFXUUHQFH�WR�ZHOO�GHILQHG�VDOLQLW\�FRQWRXUV���7KRXJK�LW
ZDV�DVVXPHG�LQ�WKH�SUHYLRXV�VWXGLHV�WKDW�VDOLQLW\�JUDGLHQW�LV�WKH�SULPDU\�YDULDEOH
IDFWRU�FRQWUROOLQJ�GLVWULEXWLRQ�RI�YHJHWDWLRQ��WKH�GDWD�GHYHORSHG�E\�$70�IRU�WKLV
VWXG\�QRZ�LQGLFDWH�WKDW�WKLV�PD\�QRW�HQWLUHO\�EH�WKH�FDVH���)RU�H[DPSOH��WKH�*URXS��
TXDGUDWV�ZRXOG�SULPDULO\�EH�FRQVLGHUHG�IUHVKZDWHU�V\VWHPV�EDVHG�RQ����SHUFHQWLOH
VDOLQLW\�FRQFHQWUDWLRQV�UDQJLQJ�IURP������SSW�DW�4XDGUDW���WR������SSW�DW�4XDGUDW���
�)LJXUH���������6HGLPHQW�VDOLQLWLHV�ZHUH�IRXQG�WR�UDQJH�IURP���SSW�DW�4XDGUDW���WR����
SSW�DW�4XDGUDW�����3HDN�VXUIDFH�VDOLQLWLHV�UDQJH�IURP�����WR����SSW���7KLV�LQGLFDWHV�WKDW
WKH�SODQW�VSHFLHV�WKDW�RFFXU�LQ�WKLV�JURXS��DUH�WROHUDQW�RI�D�ZLGH�UDQJH�RI�VDOLQLWLHV�
DQG�WKH�FRQFHQWUDWLRQV�WKDW�FRQWURO�WKH�SODQW�GLVWULEXWLRQ�LQ�WKHVH�DUHDV�DUH�QRW
HYLGHQW�DW�WKLV�WLPH��

�������� &RPSDULVRQ�RI�3ODQW�&RPPXQLW\�6WUXFWXUH

$�VXPPDU\�RI�WKH�:KLWWDNHU�SORWV�FRQVWUXFWHG�IRU�HDFK�TXDGUDW�LV�SUHVHQWHG�LQ
)LJXUH��������7KH�SXUSRVH�RI�SORWWLQJ�VSHFLHV�UDQN�DEXQGDQFH�FXUYHV�LV�WR�REWDLQ
VRPH�LGHD�RI�WKH�VWUXFWXUH�RI�WKH�SODQW�FRPPXQLW\�DQG��KHQFH��JDLQ�LQVLJKW�LQWR�WKH
UHVRXUFH�XWLOL]DWLRQ�VWUDWHJ\�RI�WKH�H[LVWLQJ�FRPPXQLW\���6LPSO\�VWDWHG��WKHVH�SORWV
SUHVHQW�LQIRUPDWLRQ�RQ�WKH�GLYHUVLW\�RI�WKH�FRPPXQLW\��RU�QXPEHU�RI�VSHFLHV�SUHVHQW
DQG�WKH�GHJUHH�WR�ZKLFK�GRPLQDQW�RU�UDUH�VSHFLHV�LQIOXHQFH�WKH�SODQW�FRPPXQLW\
VWUXFWXUH���7KH�VSHFLHV�UDQN�DEXQGDQFH�SORWV�VKRZ��DV�GLG�WKH�VLPLODULW\�LQGLFHV��WKDW
WKH�TXDGUDWV�FDQ�EH�JURXSHG�XVLQJ�VLPLODULW\�LQ�VWUXFWXUH�DV�D�FULWHULRQ���,I�ZH�VLPSO\
ILUVW�H[DPLQH�VORSH�RI�WKH�UHVXOWLQJ�SORWV��LW�LV�VKRZQ�WKDW�WKH�VWHHSHVW�VORSH�LV�IRXQG
LQ�4XDGUDW����ZKLOH�4XDGUDWV����������DQG���VKRZ�PRUH�VKDOORZ��JUDGXDO�VORSHV�
LQGLFDWLQJ�JUHDWHU�VSHFLHV�GLYHUVLW\���4XDGUDWV��������������DQG���VKRZ�VORSHV
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LQWHUPHGLDWH�EHWZHHQ�WKH�IUHVKZDWHU�DQG�VDOLQH�DUHDV���7KLV�W\SH�RI�DQDO\VLV�ZDV
SHUIRUPHG�WR�HVWDEOLVK�DQ�H[LVWLQJ�FRQGLWLRQ�RI�FRPPXQLW\�VWUXFWXUH�LQ�WKLV�DUHD�WR
ZKLFK�DOO�IXWXUH�FKDQJHV�FDQ�EH�FRPSDUHG�

7KH�SORWV�LQ�WKH�SUHVHQW�VWXG\�VKRZ�WKH�VDPH�WUHQG�DV�3HDUOVWLQH�HW�DO���������VHH
)LJXUH��������L�H���SORWV�RI�GLIIHUHQW�VORSH�ZHUH�IRXQG�LQ�HDFK�DUHD�ZLWK�VSHFLHV
GLYHUVLW\�LQFUHDVLQJ�IURP�IUHVKZDWHU�WR�VXEVDOLQH�DUHDV���+RZHYHU��WKH�FXUUHQW�SORWV
VKRZ�D�JUHDWHU�QXPEHU�RI�VSHFLHV��ZKLFK�UHIOHFWV�$70·V�XVH�RI�FRQWLJXRXV�YHUVXV
GLVFUHWH�VDPSOLQJ�SORWV�DQG�LQFUHDVHG�VDPSOH�DUHD���7ZR�SRLQWV�VKRXOG�EH�VWUHVVHG
IURP�WKHVH�FRPSDULVRQV���ILUVW��FRPPXQLW\�VWUXFWXUH�LQ�WKHVH�DUHDV�KDV�QRW
GUDPDWLFDOO\�FKDQJHG�VLQFH������������VHFRQG��WKHUH�VWLOO�H[LVWV�D�GUDPDWLF�GLIIHUHQFH
LQ�WKH�VWUXFWXUH�RI�4XDGUDWV�������DQG����LQWHUPHGLDWH��EUDFNLVK��DQG�VXEVDOLQH��DQG
QR�VKLIW�KDV�RFFXUUHG�WKDW�ZRXOG�LQFUHDVH�VLPLODULW\�RI�WKHVH�VLWHV�ZLWK�4XDGUDW����RU
WKH�IUHVKZDWHU�VLWH���7KLV�LQGLFDWHV�WKDW�D�GUDPDWLF�FKDQJH�LQ�YHJHWDWLRQ�KDV�QRW
RFFXUUHG�LQ�WKHVH�V\VWHPV�VLQFH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�

������ 6XPPDU\

3HDUOVWLQH�HW�DO���������SUHVHQWHG�D�KDELWDW�VXFFHVVLRQ�PRGHO�WKDW�SUHGLFWHG�WKH
FKDQJH�LQ�WKH�DUHDO�H[WHQW�RI�IUHVKZDWHU�PDUVK�LQ�UHVSRQVH�WR�VDOLQLW\�UHGXFWLRQ�GXH
WR�WKH�UHPRYDO�RI�WKH�WLGH�JDWH���7KHLU�PRGHO�FRQVLGHUHG�WKH�ERXQGDU\�RI�IUHVKZDWHU
FRPPXQLWLHV�WR�FRLQFLGH�ZLWK�WKH�����SSW�VDOLQLW\�FRQWRXU���7KH�PRGHO�SUHGLFWHG�WKDW
WKH�IUHVKZDWHU�PDUVK�ZRXOG�H[WHQG�GRZQVWUHDP�WR�WKH�VRXWKHUQ�WLS�RI�$UJ\OH
,VODQG��UHVXOWLQJ�LQ�D�����SHUFHQW�LQFUHDVH�LQ�DUHD�RYHU�WKH�H[LVWLQJ�IUHVKZDWHU�PDUVK�
�7KLV�FKDQJH�ZDV�H[SHFWHG�WR�RFFXU�LQ���\HDUV�

7KH�SUHVHQW�VWXG\�LQGLFDWHV�WKDW��DOWKRXJK�FKDQJHV�KDYH�RFFXUUHG�LQ�WKH�GLVWULEXWLRQ
RI�VHYHUDO�SODQW�VSHFLHV�LQ�WKH�PDUVK�V\VWHP��D�ZLGH�VSUHDG�FKDQJH�LQ�WKH
GLVWULEXWLRQ�RI�WKH�IUHVKZDWHU�PDUVK�V\VWHP�DV�GHILQHG�E\�VSHFLHV�GLYHUVLW\�DQG
SRSXODWLRQ�VWUXFWXUH��QRW�LQ�VLWX�VDOLQLW\��KDV�QRW�RFFXUUHG�WR�GDWH���

7KH�TXHVWLRQ�DULVHV�DV�WR�ZKHWKHU�D�FRQWLQXDO��VXEWOH�FKDQJH�PD\�SURFHHG�LQ�WKH
IXWXUH��HYHQWXDOO\�UHDOL]LQJ�WKH�H[WHQW�RI�WKH�PRGHO�SUHGLFWHG�ERXQGDU\���7KLV
TXHVWLRQ�FDQ�RQO\�EH�DQVZHUHG�ZLWK�PRUH�GHWDLOHG�VWXGLHV��EHFDXVH�LW�LV�YHU\
GLIILFXOW�WR�SUHGLFW�SODQW�FRPPXQLW\�FKDQJH�JLYHQ�WKH�IDFWRUV�WKDW�DIIHFW�WKH
GLVWULEXWLRQ�RI�WKHVH�VSHFLHV�

3HDUOVWLQH�HW�DO���������SUHGLFWHG�WKH�GUDPDWLF�H[SDQVLRQ�RI�WKH�IUHVKZDWHU�PDUVK
V\VWHP���7KH\�GHVFULEHG�WKLV�IUHVKZDWHU�V\VWHP�DV�EHLQJ�D�PDUVK�GRPLQDWHG�E\�VDQG
VSLNHUXVK��(OHRFKDULV�PRQWHYLGHQVLV�.XQWK��ZLWK�D�PL[HG�FRPSRQHQW�RI�IUHVKZDWHU
VSHFLHV���7KLV�SUHGLFWLRQ�DVVXPHG�WKDW�VDOLQLW\�ZDV�WKH�PDMRU�IDFWRU�SUHVXPHG�WR
FRQWURO�VXFFHVVLRQ���,Q�WKH�SUHVHQW�VWXG\��WKLV�SDUWLFXODU�SODQW�DVVRFLDWLRQ�ZDV�IRXQG
LQ�DUHDV�LQ�ZKLFK�WKH�VHGLPHQWV�DUH�XQFRQVROLGDWHG��KDYH�KLJKHU�FRQFHQWUDWLRQV�RI
RUJDQLF�PDWWHU��DQG�WKH�YHJHWDWLYH�VXEVWUDWH��IORDWLQJ�PDW��WHQGV�WR�EH�OHVV�LQXQGDWHG
WKDQ�RWKHU�DUHDV�GXH�WR�LWV�DELOLW\�WR�ULVH�ZLWK�KLJKHU�ZDWHU�OHYHOV���7KLV�W\SH�RI
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VXEVWUDWH�LV�UHVWULFWHG�LQ�GLVWULEXWLRQ�WR�WKH�QRUWKHUQ�DUHDV�RI�WKH�VWXG\�VLWH��ZKLFK
FRXOG�LPSRVH�D�JHRJUDSKLFDO�OLPLWDWLRQ�WR�WKH�H[SDQVLRQ�RI�WKLV�FRPPXQLW\�W\SH�

0DUVK�DUHDV�ZLWKLQ�WKH�61:5�ORFDWHG�VRXWK�RI�*HRUJLD�+LJKZD\����WHQG�WR�KDYH
ILUP��FRQVROLGDWHG�VHGLPHQWV�WKDW�IORRG�WR�JUHDWHU�GHSWKV�DQG��WKXV��DUH�DGGLWLRQDOO\
VXEMHFWHG�WR�JUHDWHU�WLGDO�HQHUJ\�DQG�ORQJHU�LQXQGDWLRQ�SHULRGV���7KHVH�IDFWRUV�ZLOO
DGGLWLRQDOO\�DIIHFW�VXFFHVVLRQ�RI�SODQW�FRPPXQLWLHV�LQ�WKHVH�DUHDV���$�PRUH�DFFXUDWH
SUHGLFWLRQ�RI�PDUVK�VXFFHVVLRQ�ZLOO�QHHG�WR�DGGUHVV�QRW�RQO\�WKH�FKHPLFDO
FRQVWUDLQWV�RI�WKLV�V\VWHP��EXW�ZLOO�DOVR�KDYH�WR�GHYHORS�WKH�JHRJUDSKLFDO�DQG
SK\VLFDO�FRQVWUDLQWV�WKDW�DOVR�FRQWURO�VSHFLHV�DEXQGDQFH�DQG�FRPSRVLWLRQ�

6LQFH�����DQ�HVWXDU\�LV�NQRZQ�WR�EH�YHU\�ELRORJLFDOO\�DQG�K\GURG\QDPLFDOO\
FRPSOH[������WKLV�SRUWLRQ�RI�WKH�6DYDQQDK�5LYHU�HVWXDU\�KDV�XQGHUJRQH�VXEVWDQWLDO
VDOLQLW\�DQG�YHJHWDWLYH�FKDQJHV�LQ�WKH�SDVW�UHODWHG�WR�WKH�WLGH�JDWH������HVWXDULQH
YHJHWDWLYH�VXFFHVVLRQ�LV�D�ORQJ�WHUP�DQG�PXOWL�IDFWHG�SURFHVV�WKDW�FDQQRW�DFFXUDWHO\
EH�SUHGLFWHG�DW�D�VSHFLILF�VLWH��LW�LV�QRW�VXUSULVLQJ�WKDW�FRQWUDGLFWLRQV�DSSHDU�WR�H[LVW
ZKHQ�RQH�PDNHV�REVHUYDWLRQV�DW�D�VSHFLILF�ORFDWLRQ���7KH�SURFHVV�RI�FRPSHWLWLRQ
EHWZHHQ�YDULRXV�SODQW�VSHFLHV�LV�D�FRPSOH[�RQH�WKDW�LQFOXGHV�WKH�IDFWRU�RI�WLPH��
$OWKRXJK�SK\VLFDO�IDFWRUV�DW�D�JHRJUDSKLF�ORFDWLRQ�PD\�EH�IDYRUDEOH�IRU
GHYHORSPHQW�RI�D�VSHFLILF�YHJHWDWLYH�VSHFLHV��LI�WKDW�VLWH�LV�DOUHDG\�RFFXSLHG�E\
DQRWKHU�VSHFLHV�ZKLFK�FDQ�WROHUDWH��WKRXJK�QRW�QHFHVVDULO\�WKULYH�DW�WKRVH�SK\VLFDO
OHYHOV��UHSODFHPHQW�RI�WKH�H[LVWLQJ�VSHFLHV�E\�WKH�RQH�WKDW�VKRXOG�JURZ�EHWWHU�DW�WKDW
VLWH�PD\�QRW�RFFXU�XQWLO�VRPH�H[WHUQDO�HYHQW�FDXVHV�WKH�ILUVW�VSHFLHV�WR�GLH���$W�WKDW
WLPH��WKH�VLWH�ZRXOG�EH�RSHQHG�XS�IRU�FRORQL]DWLRQ�E\�WKH�VSHFLHV�WKDW�FDQ�UHVSRQG
TXLFNHVW�WR�WKH�DYDLODELOLW\�RI�WKDW�VLWH�

$QRWKHU�IDFWRU�WKDW�PXVW�DOZD\V�EH�UHPHPEHUHG�ZKHQ�GHYHORSLQJ�FRQFOXVLRQV
DERXW�ZK\�FHUWDLQ�QDWXUDO�IXQFWLRQV�ZRUN�WKH�ZD\�WKH\�GR�LV�WKDW�RQH·V
XQGHUVWDQGLQJ�PD\�QRW�EH�FRPSOHWH�DQG�RQH·V�REVHUYDWLRQV�PD\�QRW�KDYH�LQFOXGHG
DOO�WKH�FULWLFDO�IDFWRUV���7KH�´WUHPEOLQJ�HDUWKµ�REVHUYHG�LQ�VRPH�ORFDWLRQV�ZLWKLQ�WKH
HVWXDU\�PD\�QRW�EH�FRPSOHWHO\�D�QDWXUDO�JHRORJLFDO�IDFWRU��EXW�FRXOG�EH�WKH�UHVXOW�RI
VRPH�RWKHU�IRUFHV���5HYLHZ�RI�KLVWRULFDO�XVH�RI�ORZODQGV�DURXQG�6DYDQQDK�UHYHDOV
WKDW�ULFH�SURGXFWLRQ�ZDV�D�PDMRU�ODQG�XVH�LQ�WKH�SDVW���3DUW�RI�WKDW�DJULFXOWXUDO
SUDFWLFH�LQFOXGHG�WKH�FRQVWUXFWLRQ�RI�GLNHV�WR�FRQWURO�ZDWHU�OHYHOV�DW�D�VLWH���,I�VRPH
RI�WKH�GLNHV�FRQVWUXFWHG�\HDUV�DJR�LQ�WKH�HVWXDU\�DUH�VWLOO�LQWDFW��D�YHJHWDWLYH�PDW
FRXOG�KDYH�GHYHORSHG�RQ�WRS�RI�ZDWHU�SRQGHG�ZLWKLQ�WKDW�GLNHG�DUHD���7KH�PDW
FRXOG�EH�ORFDWHG�DW�RU�DERYH�WKH�KHLJKW�RI�WKH�GDLO\�WLGHV�LQ�WKH�DGMDFHQW�PDUVKHV�DQG
PD\�EH�ILOOHG�RQO\�ZKHQ�VSULQJ�WLGHV�H[FHHG�WKH�KHLJKW�RI�WKH�GLNHV���&RQFOXVLRQV
DERXW�WKH�UHDVRQ�FHUWDLQ�YHJHWDWLRQ�H[LVWV�DW�WKDW�VLWH�ZRXOG�EH�LQFRUUHFW�LI�RQH�ZDV
QRW�DZDUH�RI�WKH�H[LVWHQFH�RI�WKH�SRQGHG�ZDWHU��
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���� +LVWRULFDO�2YHUYLHZ�DQG�'HVFULSWLRQ�RI�+LVWRULF�3URSHUWLHV

������ +LVWRULF�3URSHUWLHV

�������� 2YHUYLHZ

6DYDQQDK�+DUERU�LV�D�FXOWXUDOO\�ULFK�DUHD���7KH�&LW\�RI�6DYDQQDK��ZKLFK�GLUHFWO\
DGMRLQV�WKH�KDUERU��ZDV�IRXQGHG�DV�D�VHDSRUW�LQ��������6LQFH�WKH�SRUW�KDV�EHHQ�D
FRPSRQHQW�RI�WKH�&LW\�IURP�LWV�EHJLQQLQJ��H[WHQVLYH�PDULWLPH�IDFLOLWLHV�ZHUH
FRQVWUXFWHG�DORQJ�WKH�VKRUHOLQH���)RUWLILFDWLRQV�ZHUH�EXLOW�DORQJ�WKH�ULYHU��VRPH�RI
ZKLFK�UHPDLQ�WRGD\��

)RU�WKH�KDUERU��FXOWXUDO�UHVRXUFHV�FDQ�EH�GLYLGHG�LQWR���PDMRU�JURXSV���ZUHFNV�
KDUERU�PRGLILFDWLRQV��WHUUHVWULDO�VLWHV��DQG�PLVFHOODQHRXV���7KH�ZUHFNV�JURXS
LQFOXGHV�DOO�ZDWHUFUDIW�ORVW�LQ�WKH�KDUERU��LQFOXGLQJ�WKRVH�ZKLFK�ZHUH�LQWHQWLRQDOO\
VXQN�WR�DLG�RU�LPSHGH�QDYLJDWLRQ�

+DUERU�PRGLILFDWLRQV�LQFOXGH�DOO�VWUXFWXUHV��H[FHSW�ZUHFNV��SXW�LQ�WKH�ZDWHU�WR
LPSURYH�RU�LPSHGH�QDYLJDWLRQ���([DPSOHV�LQFOXGH�REVWUXFWLRQV��GRFNV��ZKDUYHV��DQG
WUDLQLQJ�ZDOOV���7HUUHVWULDO�VLWHV�LQFOXGH�SUHKLVWRULF�DQG�KLVWRULF�DUFKDHRORJLFDO�VLWHV�
DQG�VWDQGLQJ�VWUXFWXUHV�WKDW�ZHUH�GHVLJQHG�DQG�FRQVWUXFWHG�RQ�ODQG���1DWLYH
$PHULFDQ�VKHOO�PLGGHQV�DQG�2OG�)RUW�-DFNVRQ�DUH�H[DPSOHV�RI�WKLV�W\SH�RI�VLWH�

7KH�PLVFHOODQHRXV�JURXS�LQFOXGHV�DOO�RWKHU�UHVRXUFHV���([DPSOHV�LQFOXGH�UDQGRPO\�
GXPSHG�EDOODVW�SLOHV��REMHFWV�GXPSHG�LQWR�WKH�ULYHU��DQG�REMHFWV�ZKLFK�KDYH�HURGHG
LQWR�WKH�ULYHU�DQG�DUH�RXW�RI�WKHLU�RULJLQDO�FRQWH[W�

(DFK�RI�WKHVH�JURXSV�ZLOO�EH�GHVFULEHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�WR�SXW�LQ�FRQWH[W
IXUWKHU�GLVFXVVLRQV�DERXW�WKH�FXOWXUDO�UHVRXUFH�LQYHVWLJDWLRQV�ZKLFK�KDYH�EHHQ
FRQGXFWHG�DORQJ�SRUWLRQV�RI�WKH�ULYHU�DQG�WKH�KLVWRULF�SURSHUWLHV�ZKLFK�KDYH�EHHQ
LGHQWLILHG�

�������� :UHFNV

7KHUH�DUH�QXPHURXV�DFFRXQWV�RI�YHVVHOV�ORVW�LQ�WKH�KDUERU���,Q�������'U��(UYLQ
*DUULVRQ�FRQGXFWHG�DQ�DUFKLYDO�VHDUFK�IRU�UHSRUWV�RI�ZUHFNV�LQ�WKH�KDUERU���7KH
6DYDQQDK�'LVWULFW�86$&(�SHUVRQQHO�LQLWLDWHG�DQ�RQJRLQJ�GHWDLOHG�VKLSZUHFN�VWXG\
RI�WKH�6DYDQQDK�+DUERU�DUHD�LQ��������7KHVH�VWXGLHV�IRXQG�UHFRUGV�RI�PDQ\�YHVVHOV
ORVW�LQ�WKH�KDUERU�RU�RQ�WKH�EDU���6RPH�VDQN�DV�D�UHVXOW�RI�HQYLURQPHQWDO�DQG
DFFLGHQWDO�FLUFXPVWDQFHV���ZHDWKHU��ILUH��H[SORVLRQV��RU�JURXQGLQJ���2WKHUV�ZHUH
LQWHQWLRQDOO\�VXQN�LQ�WKH�&URVV�7LGHV�DQG�)LJ�,VODQG�&KDQQHOV�WR�LPSURYH
QDYLJDWLRQ��RU�ZHUH�VXQN�GXULQJ�WLPHV�RI�ZDU�WR�LPSHGH�QDYLJDWLRQ�RU�DYRLG
FDSWXUH���0DQ\�PRUH�ZHUH�DEDQGRQHG�DORQJ�WKH�EDQNV�ZKHQ�WKH\�KDG�RXWOLYHG�WKHLU
XVHIXOQHVV�

6RPH�RI�WKH�ZUHFNV�ZHUH�UHIORDWHG���2WKHU�ZUHFNV�ZHUH�SDUWLDOO\�RU�WRWDOO\�VDOYDJHG�
ZKLOH�RWKHUV��LI�QRW�REVWUXFWLQJ�WUDIILF��LI�GDPDJHG�EH\RQG�UHSDLU��RU�LI�ORVW�LQ
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LUUHWULHYDEOH�HQYLURQPHQWV��ZHUH�OHIW�LQ�WKH�KDUERU���0DQ\�ZUHFNV�ZHUH�QHYHU
UHFRUGHG�DQG�RU�WKHLU�ILQDO�GLVSRVLWLRQ�LV�XQNQRZQ�RU�XQFOHDU���:UHFNV�UHSRUWHG�DV
UHPRYHG�PD\�KDYH�EHHQ�WRWDOO\�VDOYDJHG�RU�GUDJJHG�WR�WKH�VLGH�DQG�DEDQGRQHG�

7KH�FRQGLWLRQ�RI�D�ZUHFN�LV�D�SURGXFW�RI�ERWK�PDQ�PDGH�DQG�QDWXUDO�IRUFHV���9HVVHOV
ORVW�LQ�VDOLQH�HQYLURQPHQWV��XQOHVV�EXULHG�XQGHU�OD\HUV�RI�VHGLPHQW��KDYH�EHHQ
LPSDFWHG�E\�PDULQH�ERUHUV���6DOWZDWHU�LQWUXVLRQ�UHVXOWLQJ�IURP�HDUOLHU�KDUERU
LPSURYHPHQWV�KDV�UHVXOWHG�LQ�GDPDJH�WR�ZUHFNV�WKDW�ZHUH�RULJLQDOO\�ORVW�LQ�IUHVK
ZDWHU�

6RPH�ZUHFNV��VXFK�DV�WKRVH�ORFDWHG�LQ�WKH�&URVV�7LGHV�DQG�)LJ�,VODQG�&KDQQHOV��ZHUH
EXULHG�XQGHU�GLVSRVDO�PDWHULDO�ZKHQ�WKH�FKDQQHOV�ZHUH�ILOOHG���2WKHU�ZUHFNV�KDYH
EHHQ�LPSDFWHG�E\�SUHYLRXV�KDUERU�GUHGJLQJ��SURS�ZDVK��VKULPSLQJ��DQG
XQVXFFHVVIXO�RU�SDUWLDO�VDOYDJH�DWWHPSWV�

2QO\�RQH�ZUHFN�LQ�WKH�KDUERU�KDV�EHHQ�SRVLWLYHO\�LGHQWLILHG�DQG�HYDOXDWHG�IRU
VLJQLILFDQFH��WKH�&�6�6��*HRUJLD���7KLV�ZUHFN�LV�ORFDWHG�DFURVV�WKH�ULYHU�IURP�2OG�)RUW
-DFNVRQ���7KH�YHVVHO�ZDV�D�&RQIHGHUDWH�LURQFODG�VFXWWOHG�LQ�'HFHPEHU������WR
SUHYHQW�KHU�FDSWXUH���6KH�ZDV�VWUXFN�E\�D�GUHGJH�LQ������GXULQJ�ZLGHQLQJ�RI�WKH
FKDQQHO��DQG�ZDV�LPSDFWHG�GXULQJ�PDLQWHQDQFH�GUHGJLQJ�LQ�������������������DQG
�������6KH�ZDV�OLVWHG�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�LQ�)HEUXDU\������

�������� +DUERU�0RGLILFDWLRQV

0DQ�KDV�DOWHUHG�WKH�KDUERU�VLQFH�WKH���WK�FHQWXU\���7KH�PRGLILFDWLRQV�KDG���PDMRU
SXUSRVHV��WR�LPSURYH�QDYLJDWLRQ��WR�SURYLGH�GRFNLQJ�IDFLOLWLHV��DQG�WR�LPSHGH�KDUERU
QDYLJDWLRQ�GXULQJ�WLPHV�RI�ZDU����7KH�ILUVW�RI�WKHVH�SXUSRVHV��WR�LPSURYH�QDYLJDWLRQ�
LV�GHWDLOHG�DW�OHQJWK�LQ��6DYDQQDK�+DUERU��,WV�2ULJLQ�DQG�'HYHORSPHQW������������
E\�0���/��*UDQJHU���(DUO\�KDUERU�ZRUN�ZDV�SHUIRUPHG�VSRUDGLFDOO\�E\�WKH�FLW\�
&RPPLVVLRQHUV�RI�WKH�3RUW�DQG�3LORWDJH��DQG�8�6��7UHDVXU\�'HSDUWPHQW���7KH
86$&(·V�LQYROYHPHQW�EHJDQ�LQ������EXW�ZDV�OLPLWHG�WR�VXUYH\V�XQWLO������ZKHQ�LW
EHFDPH�WKH�OHDG�DJHQF\�LQYROYHG�LQ�QDYLJDWLRQ�LPSURYHPHQWV�WR�WKH�QHDU�H[FOXVLRQ
RI�RWKHUV�

0RVW�PDMRU�QDYLJDWLRQ�VWUXFWXUHV�ZHUH�EXLOW�LQ�D�FRRUGLQDWHG�HIIRUW�GXULQJ�WKH�ODVW
TXDUWHU�RI�WKH���WK�FHQWXU\���7KH\�LQFOXGHG�WUDLQLQJ�ZDOOV��ZLQJ�GDPV��FORVLQJ�GDPV�
DQG�VSXU�GLNHV���7KH�RYHUDOO�SXUSRVH�RI�WKH�LPSURYHPHQWV�ZDV�WR�UHVWULFW�WKH�PDMRU
SRUWLRQ�RI�WKH�ULYHU
V�IORZ�LQWR�D�VLQJOH�FKDQQHO�IRU�D�GHHSHU��IDVWHU�IORZLQJ��DQG�VHOI�
VFRXULQJ�QDYLJDWLRQ�FKDQQHO���7KH�ORFDWLRQV�RI�WKHVH�HDUO\�VWUXFWXUHV�DUH�NQRZQ�DQG
PRVW�DUH�H[WDQW���6RPH�DUH�EXULHG�XQGHU�GUHGJHG�GLVSRVDO�PDWHULDO�ZKLOH�RWKHUV�DUH
VWLOO�IXQFWLRQLQJ���7KH\�DUH�ORFDWHG�WKURXJKRXW�WKH�KDUERU�

/LWWOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�HDUO\�GRFNLQJ�DQG�PRRULQJ�IDFLOLWLHV�LQ�WKH
KDUERU���0RVW�VWUXFWXUHV�ZHUH�ORFDWHG�IURP�2OG�)RUW�-DFNVRQ�WR�WKH�7DOPDGJH
0HPRULDO�%ULGJH��WKH�PRVW�LQGXVWULDOL]HG�SRUWLRQ�RI�WKH�KDUERU���7KLV�DUHD�KDV�EHHQ
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VXEMHFWHG�WR�WKH�PRVW�GLVWXUEDQFH���2QO\�RQH�SRVVLEOH���WK�FHQWXU\�ZKDUI�LV�NQRZQ
WR�UHPDLQ�DQG�PRVW�RI�WKH�IHZ�UHPDLQLQJ���WK�FHQWXU\�VWUXFWXUHV�DUH�WKUHDWHQHG�E\
RWKHU�SRUW�GHYHORSPHQW�

'XULQJ�WKH�5HYROXWLRQDU\�DQG�&LYLO�:DUV��REVWUXFWLRQV�ZHUH�SODFHG�LQ�WKH�FKDQQHO
WR�LPSHGH�HQHP\�QDYLJDWLRQ���'XULQJ�WKH�ILUVW�ZDU��WKH\�FRQVLVWHG�PRVWO\�RI�ZUHFNV
WKDW�DUH�GLVFXVVHG�HOVHZKHUH���'XULQJ�WKH�&LYLO�:DU��D�ODE\ULQWK�RI�FULEV��SLOHV�
WRUSHGRHV��DQG�ZUHFNV�ZHUH�SODFHG�LQ�YDULRXV�FKDQQHO�DUHDV���7KH�ORFDWLRQV�RI�WKH
REVWUXFWLRQV��DV�ZHOO�DV�GUDZLQJV�RI���FULE�GHVLJQV��DUH�VKRZQ�RQ�WKH�*LOOPRUH�PDS
RI��������0RVW�REVWUXFWLRQV�ZHUH�UHPRYHG�VKRUWO\�DIWHU�WKDW�GDWH���6RPH�FULEV�ORFDWHG
QHDU�WKH�EDQNV�DQG�DZD\�IURP�WKH�QDYLJDWLRQ�FKDQQHO�ZHUH�OHIW�LQ�SODFH���7KRVH�QRW
FRYHUHG�E\�ILOO�DUH�EHLQJ�LPSDFWHG�E\�PDULQH�ERUHUV�

�������� 7HUUHVWULDO�5HVRXUFHV

3UHKLVWRULF�WHUUHVWULDO�UHVRXUFHV�LQ�WKH�KDUERU�YLFLQLW\�GDWH�IURP�WKH�$UFKDLF�WKURXJK
0LVVLVVLSSLDQ�3HULRGV���7KH\�FDQ�EH�IRXQG�LQ�HQYLURQPHQWV�WKDW�UDQJH�IURP�ORZ
PDUVK�WR�KLJK�EOXII�

+LVWRULF�WHUUHVWULDO�UHVRXUFHV�KDYH�EHHQ�UHVHDUFKHG�PRUH�WKDQ�DQ\�RWKHUV�DURXQG�WKH
KDUERU���2I�WKHVH��VWDQGLQJ�VWUXFWXUHV�KDYH�EHHQ�EHVW�GRFXPHQWHG�DQG�SURWHFWHG��
6DYDQQDK�ERDVWV�RQH�RI�WKH�QDWLRQ
V�ODUJHVW�XUEDQ�1DWLRQDO�+LVWRULF�/DQGPDUN
'LVWULFWV��D�SRUWLRQ�RI�ZKLFK�ERUGHUV�WKH�KDUERU�

+LVWRULF�DUFKDHRORJLFDO�VLWHV�DURXQG�WKH�KDUERU�DUH�EHLQJ�GHVWUR\HG�DW�D�UDSLG�UDWH��
7KHUH�LV�D�JRRG�PDUNHW�IRU�KLVWRULF�SHULRG�DUWLIDFWV�DQG�DQ�DFWLYH�ERWWOH�KXQWLQJ
SRSXODWLRQ�WR�VXSSO\�LW���,Q�DGGLWLRQ��D�QXPEHU�RI�KLVWRULF�DUFKDHRORJLFDO�VLWHV�KDYH
EHHQ�EXULHG�XQGHU�GLVSRVDO�PDWHULDO�RU�DUH�HURGLQJ�LQWR�WKH�KDUERU�

�������� 0LVFHOODQHRXV

7KHVH�UHVRXUFHV�FRQVLVW�RI�UDQGRP�EDOODVW�SLOHV�DQG�REMHFWV�WKDW�ZHUH�GXPSHG�RU
KDYH�HURGHG�LQWR�WKH�ZDWHU���7KHVH�LQFOXGH�RUGQDQFH��VKLS�SDUWV��H�J���ROG�ERLOHUV��
WUDVK��DQG�VLPLODU�REMHFWV���:KLOH�WKHVH�REMHFWV�KDYH�SUREDEO\�EHHQ�PRYHG�DURXQG
DQG�UHVRUWHG�DQG��WKXV�DUH�RXW�RI�FRQWH[W��VRPH�VWLOO�PD\�KDYH�VLJQLILFDQFH�

������ 6LJQLILFDQW�&XOWXUDO�5HVRXUFH�,QYHVWLJDWLRQV

1XPHURXV�FXOWXUDO�UHVRXUFHV�LQYHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG�ZLWKLQ�DQG�LQ�WKH
YLFLQLW\�RI�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW���2QO\�WKH�PRUH�LPSRUWDQW
VXUYH\V�DUH�GHVFULEHG�KHUH�

,Q�������6DYDQQDK�'LVWULFW�86$&(�FRQWUDFWHG�ZLWK�WKH�8QLYHUVLW\�RI�*HRUJLD�WR
FRQGXFW�D�VXUYH\�RI�SRUWLRQV�RI�WKH�DUHDV�WR�EH�DIIHFWHG�E\�WKH�FRQVWUXFWLRQ�RI�WKH
VHGLPHQW�FRQWURO�ZRUNV���7KLV�VXUYH\�DUHD�ZDV�WR�LQFOXGH�WKH�WLGH�JDWH�FRQVWUXFWLRQ
DUHD�DQG�SURSRVHG�QHZ�FRQILQHG�GUHGJHG�PDWHULDO�GLVSRVDO�DUHDV���$W�WKH�WLPH�RI�WKH
VXUYH\��FRQVWUXFWLRQ�RI�WKH�WLGH�JDWH�KDG�DOUHDG\�EHHQ�LQLWLDWHG�DQG�RQO\�WKH�&')V
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FRXOG�EH�VXUYH\HG���7ZR�SUHKLVWRULF�DUFKDHRORJLFDO�VLWHV�ZHUH�ORFDWHG�DQG�MXGJHG
SRWHQWLDOO\�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�

,Q�������6DYDQQDK�'LVWULFW�86$&(�FRQWUDFWHG�ZLWK�6RXWKHDVWHUQ�$UFKHRORJLFDO
6HUYLFHV��,QF��WR�FRQGXFW�D�VXUYH\�RI�WKH�VRXWKHUQ�VKRUHOLQH�RI�+XWFKLQVRQ�,VODQG
SULRU�WR�FRQVWUXFWLRQ�RI�LPSURYHPHQWV�WR�1DYLJDWLRQ�3URMHFW���7KH�VXUYH\�LGHQWLILHG
��VLWHV�WKDW�ZHUH�EHOLHYHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF
3ODFHV��:LOOLQN
V�0DULQH�5DLOZD\�DQG�WKH�)LJ�,VODQG�&KDQQHO�6LWH���:LOOLQN
V�0DULQH
5DLOZD\�ZDV�ODWHU�GHWHUPLQHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�DQG
GRFXPHQWHG�DV�SDUW�RI�D�6HFWLRQ����DQG�����SHUPLW�IRU�3�'��2LO�DQG�*DV�&RPSDQ\
ZKDUI�DQG�VOLS�FRQVWUXFWLRQ���7KH�ZRUN�ZDV�FDUULHG�RXW�E\�$UPVWURQJ�6WDWH�&ROOHJH�
�7ZR�YHVVHOV�FRQWDLQHG�ZLWKLQ�WKH�)LJ�,VODQG�&KDQQHO�6LWH�ZHUH�UHFRUGHG�DV�SDUW�RI
WKH����������������+DUERU�:LGHQLQJ�SURMHFW���7KH�ZRUN�ZDV�FDUULHG�RXW�E\
7LGHZDWHU�$WODQWLF�5HVHDUFK�DQG�6RLO�6\VWHPV��,QF��

,Q�������D�GHUHOLFW�YHVVHO�ZDV�QRWHG�HURGHG�IURP�WKH�VRXWK�VKRUH�RI�+XWFKLQVRQ
,VODQG�QHDU�6WDWLRQ����������7KH�YHVVHO�ZDV�VXEVHTXHQWO\�GHWHUPLQHG�HOLJLEOH�IRU�WKH
1DWLRQDO�5HJLVWHU�DQG�ZDV�WKH�VXEMHFW�RI�D�GDWD�UHFRYHU\�HIIRUW�SHUIRUPHG�E\�2�6�0�
$UFKDHRORJLFDO�&RQVXOWDQWV�LQ������

,Q�������WKH�'LVWULFW�FRQWUDFWHG�ZLWK�7LGHZDWHU�$WODQWLF�5HVHDUFK��,QF���7$5��WR
FRQGXFW�D�VXUYH\�RI�WKH�DUHDV�WR�EH�DIIHFWHG�E\�WKH�SURSRVHG�6DYDQQDK�+DUERU
([SDQVLRQ�3URMHFW���7KH�VXUYH\�LQFOXGHG�DUFKLYDO�UHVHDUFK��UHPRWH�VHQVLQJ��DQG
VKRUHOLQH�LQVSHFWLRQ���7KH�DUFKLYDO�UHVHDUFK�FRQFHQWUDWHG�RQ�WKH�H[LVWLQJ�&')V��WKH
KDUERU�QDYLJDWLRQ�FKDQQHO�IURP�6WDWLRQV����%�����WR�����������DQG�WKH�KDUERU�LQ
JHQHUDO���5HPRWH�VHQVLQJ�LQYHVWLJDWLRQV�LQFOXGHG�SURWRQ�PDJQHWRPHWHU��VLGHVFDQ
VRQDU��DQG�VXE�ERWWRP�SURILOHU�VWXGLHV�RI�WKH�WRHV��VLGH�VORSHV��DQG�WRS�RI�VLGH�VORSHV
RI�WKH�QDYLJDWLRQ�FKDQQHO�DQG�WKH�.,7%�

$OO�EXW�RQH�RI�WKH�DQRPDOLHV�LGHQWLILHG�E\�7$5�ZHUH�LQYHVWLJDWHG�E\�6DYDQQDK
'LVWULFW�86$&(�DQG�FRQWUDFW�DUFKDHRORJLFDO�GLYHUV���1RQH�ZHUH�IRXQG�WR�UHSUHVHQW
VLJQLILFDQW�FXOWXUDO�UHVRXUFHV���7KH�UHPDLQLQJ�DQRPDO\�ZDV�GHWHUPLQHG�WR�EH�RXWVLGH
WKH�DUHD�RI�HIIHFW�IRU�WKH�([SDQVLRQ�3URMHFW���,Q�FRQVXOWDWLRQ�ZLWK�WKH�*HRUJLD�6WDWH
+LVWRULF�3UHVHUYDWLRQ�2IILFHU��LW�ZDV�DJUHHG�WKDW�WKH�86$&(�ZRXOG�FRQGXFW�´EHIRUHµ
DQG�´DIWHUµ�K\GURJUDSKLF�VXUYH\V�LQ�WKH�DQRPDO\�YLFLQLW\�WR�GHWHUPLQH�LI�KDUERU
GHHSHQLQJ�UHVXOWHG�LQ�VRPH�HIIHFW���7KH�VXUYH\V�ZHUH�DFFRPSOLVKHG�DQG�QR�FKDQJH
LQ�ERWWRP�SURILOH�ZDV�QRWHG�

2QO\�RQH�VKRUHOLQH�VLWH��WKH�)LJ�,VODQG�&KDQQHO�6LWH��ZDV�UHFRPPHQGHG�IRU�GDWD
UHFRYHU\�DV�SDUW�RI�WKH�([SDQVLRQ�3URMHFW���)URP�6HSWHPEHU������WR�-DQXDU\������
��GDWD�UHFRYHU\�FRQWUDFWV�ZHUH�FDUULHG�RXW���2YHU����KLVWRULF�YHVVHOV�DQG�YHVVHO
UHPQDQWV�DQG�D�PDULQH�UDLOZD\�ZHUH�H[FDYDWHG�DQG�GRFXPHQWHG�IRU�6DYDQQDK
'LVWULFW�86$&(�E\�7$5��0LG�$WODQWLF�7HFKQRORJ\��DQG�3DQDPHULFDQ�&RQVXOWDQWV�
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,Q�������6DYDQQDK�'LVWULFW�86$&(�FRQWUDFWHG�ZLWK�7$5�WR�FRQGXFW�D�VXUYH\�RI�WKH
DUHDV�WR�EH�DIIHFWHG�E\�WKH�6HFWLRQ������3URMHFW�WR�UHPRYH�WKH�WLGH�JDWH�IURP
RSHUDWLRQ�DQG�FORVH�1HZ�&XW���7KH�VXUYH\�LQFOXGHG�DUFKLYDO�UHVHDUFK��UHPRWH
VHQVLQJ��DQG�VKRUHOLQH�LQVSHFWLRQ�RI�%DFN�5LYHU�IURP�LWV�PRXWK�DW�WKH�HDVWHUQ�HQG�RI
+XWFKLQVRQ�,VODQG�WR�1HZ�&XW���7KH�UHPRWH�VHQVLQJ�VXUYH\�LQFOXGHG�SURWRQ
PDJQHWRPHWHU��VLGHVFDQ�VRQDU��DQG�VXE�ERWWRP�SURILOHU�LQYHVWLJDWLRQV�RI�DOO
VXEPHUJHG�DUHDV�DERYH�WKH�WLGH�JDWH�DQG�WKH�WRH��VLGH�VORSH��DQG�DUHD�EHWZHHQ�WKH
WRS�RI�VLGH�VORSH�DQG�WKH�KLJK�ZDWHU�PDUN�EHORZ�WKH�WLGH�JDWH���6HYHQ�PDJQHWLF�DQG
VRQDU�WDUJHWV�DQG�VHYHQ�VKRUHOLQH�VLWHV�ZHUH�LGHQWLILHG�DQG�UHFRPPHQGHG�IRU�IXUWKHU
HYDOXDWLRQ���&XOWXUDO�UHVRXUFHV�LQ�WKH�FKDQQHO�DQG�DORQJ�WKH�VKRUHOLQH�RI�%DFN�5LYHU
KDYH�EHHQ�DGGUHVVHG�DV�SDUW�RI�WKH�6HFWLRQ������3URMHFW�DQG�FXOWXUDO�UHVRXUFHV�LQ�WKDW
DUHD��XSVWUHDP�RI�WKH�WLGH�JDWH��DUH�QR�ORQJHU�ZLWKLQ�WKH�SRWHQWLDO�LPSDFW�DUHD�RI�WKH
6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�

,Q�������6DYDQQDK�'LVWULFW�86$&(�LQVSHFWHG�WKH�VKRUHOLQH�EHORZ�WKH�WLGH�JDWH�DQG
IRXQG�WKDW�WKH�VLWHV�ZHUH�XQDIIHFWHG�E\�WKH�1HZ�&XW�&ORVXUH�3URMHFW���7KH�6DYDQQDK
'LVWULFW�86$&(�DOVR�LQVSHFWHG�HDFK�RI�WKH�DQRPDOLHV�XVLQJ�VLGHVFDQ�VRQDU�DQG�IRXQG
QR�HYLGHQFH�IRU�HURVLRQ�DQG�QR�HIIHFW�IURP�WKH�1HZ�&XW�&ORVXUH�3URMHFW�

$OVR�LQ�������WKH�6DYDQQDK�'LVWULFW�86$&(�FRQWUDFWHG�ZLWK�KDG�0LG�$WODQWLF
7HFKQRORJ\��,QF��WR�FRQGXFW�D�VXUYH\�RI�WKH�UHPDLQLQJ�SRUWLRQV�RI�WKH�6DYDQQDK
+DUERU�1DYLJDWLRQ�3URMHFW�WKDW�KDG�QRW�EHHQ�LQYHVWLJDWHG�DV�SDUW�RI�WKH�1HZ�&XW
&ORVXUH�3URMHFW�DQG�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW���7KH�VXUYH\�DUHD�LQFOXGHG
WKH�WRHV��VLGH�VORSHV��DQG�WRSV�RI�VORSHV�IRU�DOO�UHPDLQLQJ�WXUQLQJ�EDVLQV��L�H���DOO
H[FHSW�.,7%��DQG�WKH�QDYLJDWLRQ�FKDQQHO�IURP�6WDWLRQV���������WR���������

$V�D�UHVXOW�RI�WKHVH�VXUYH\V��WKH�HQWLUH�ULYHULQH�SRUWLRQ�RI�WKH�H[LVWLQJ�6DYDQQDK
+DUERU�1DYLJDWLRQ�3URMHFW�KDV�EHHQ�VXUYH\HG�IRU�FXOWXUDO�UHVRXUFHV���7KLV�LQFOXGHV
WKH�XQGHUZDWHU�SRUWLRQ�RI�WKH�ULYHU��WKH�DGMDFHQW�ULYHU�VKRUHOLQH��WKH�%&��DQG�DQ�DUHD
DORQJ�WKH�VLGHV�RI�WKH�%&���$OO�FXOWXUDO�UHVRXUFHV�KDYH�EHHQ�LGHQWLILHG�DQG�ZKHUH
LPSDFWV�IURP�RSHUDWLRQV�ZHUH�RFFXUULQJ��GRFXPHQWDWLRQ�KDV�EHHQ�FRQGXFWHG�RU�LV
XQGHUZD\���0HPRUDQGXPV�RI�$JUHHPHQW�DUH�LQ�SUHSDUDWLRQ�IRU���VLWHV���2OG�)RUW
-DFNVRQ�DQG�WKH�&�6�6��*HRUJLD��DQG�VSHFLI\�WKH�86$&(�IXWXUH�DFWLRQV�FRQFHUQLQJ
WKRVH�UHVRXUFHV�

������ ,GHQWLILHG�+LVWRULFDO�3URSHUWLHV

�������� 'LVSRVDO�$UHDV

2QO\�RQH�&')��'LVSRVDO�$UHD���$��ZDV�VXUYH\HG�SULRU�WR�XVH���7ZR�UHVRXUFHV�ZHUH
LGHQWLILHG�DV�D�UHVXOW�RI�WKDW�VXUYH\��6LWHV����-$����DQG����-$������7KH�ILUVW��6LWH����-$
����ZDV�GHVFULEHG�DV�D�VKHOO�PLGGHQ�DSSUR[LPDWHO\���IHHW�KLJK�����IHHW�ZLGH�DQG�����
IHHW�ORQJ���2EVHUYHG�FHUDPLFV�LQGLFDWHG�DQ�RFFXSDWLRQ�VSDQQLQJ�����%�&��DQG�$�'�
�������7KLV�VLWH�ZDV�ORFDWHG�DORQJ�WKH�SURSRVHG�QRUWK�GLNH�DOLJQPHQW���,PSDFW�ZDV
DYRLGHG�GXULQJ�FRQVWUXFWLRQ�E\�UHDOLJQLQJ�WKH�GLNH�DZD\�IURP�WKH�VLWH���,Q������
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LQIRUPDWLRQ�ZDV�UHFHLYHG�WKDW�XQDXWKRUL]HG�LQGLYLGXDOV�ZHUH�XVLQJ�WKH�GLNH�URDG�WR
HQWHU�WKH�DUHD�DQG�ORRW�WKH�VLWH���,QVSHFWLRQ�UHYHDOHG�WKDW��ZKLOH�WKH�GLNH�PLVVHG�WKH
VLWH��PRVTXLWR�FRQWURO�GLWFKHV�KDG�ULQJHG�DQG�ELVHFWHG�LW���7KH�PRVTXLWR�FRQWURO
DFWLYLW\�ZDV�VWRSSHG�DQG�WKH�JDWH�SURYLGLQJ�DFFHVV�WR�WKH�DUHD�ZDV�ORFNHG�

$�VHFRQG��KLJKHU�GLNH�KDV�EHHQ�EXLOW�LQVLGH�WKH�GLVSRVDO�DUHD�DGMDFHQW�DQG�SDUDOOHO�WR
WKH�ROG�GLNH���7KLV�LQQHU�GLNH�LV�QRZ�PDLQWDLQHG�DQG�XVHG�DV�WKH�DFFHVV�URDG���$�����
LQVSHFWLRQ�UHYHDOHG�WKDW�WKH�VLWH�LV�QRW�EHLQJ�LPSDFWHG�E\�GLNH�PRGLILFDWLRQV�DQG
PDLQWHQDQFH�

7KLV�VLWH�LV�SRWHQWLDOO\�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF
3ODFHV���,W�LV�QRW�EHLQJ�LPSDFWHG�E\�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW
DFWLYLWLHV���7KH�JDWH�SURYLGLQJ�DFFHVV�WR�WKH�DUHD�LV�NHSW�ORFNHG���6DYDQQDK�'LVWULFW
86$&(�DQG�*HRUJLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�SHUVRQQHO�PRQLWRU�WKH�DUHD�IRU
WUHVSDVVLQJ�DQG�ORRWLQJ�

6LWH����-$����ZDV�LGHQWLILHG�DV�D�VDQG�PRXQG���IHHW�KLJK������IHHW�ORQJ��DQG����IHHW
ZLGH���7KH�VLWH�ZDV�EHOLHYHG�WR�EH�D�VPDOO�EXULDO�PRXQG�GDWLQJ�VRPHWLPH�EHWZHHQ��
$�'��DQG�WKH�KLVWRULF�SHULRG���7KH�VLWH�ZDV�VXEVHTXHQWO\�EXULHG�E\�GLVSRVDO
DFWLYLWLHV�

7KH�)HUU\�:KDUI�ZDV�ORFDWHG�RQ�WKH�6RXWK�&DUROLQD�EDQN�RI�%DFN�5LYHU�QHDU�ZKDW�LV
QRZ�WKH�WLGH�JDWH���7KH�8QLRQ�6FUHYHQ�)HUU\�5RDG�UDQ�QRUWK�IURP�WKH�ZKDUI�VLWH�WR
XSODQGV�LQ�6RXWK�&DUROLQD���7KLV�ZKDUI�ZDV�D�FHQWHU�RI�DFWLYLW\�IURP�WKH�����V�XQWLO
WKH�HDUO\���WK�FHQWXU\���7KHUH��LQGLYLGXDOV�FDXJKW�WKH�IHUU\�WR�*HRUJLD�WR�YLVLW�DQG
FRQGXFW�EXVLQHVV�LQ�WKH�FLW\���7KH�UHPDLQV�RI�VPDOO�FUDIW�FRXOG�EH�ORFDWHG�LQ�WKH�ULYHU
ERWWRP�LQ�WKLV�DUHD���8SODQG�SRUWLRQV�RI�WKH�ZKDUI�ZHUH�GHVWUR\HG�GXULQJ
FRQVWUXFWLRQ�RI�WKH�WLGH�JDWH�DQG�GLVSRVDO�DUHD�GLNHV���7KH�8QLRQ�6FUHYHQ�)HUU\
5RDG�ZDV�LQFRUSRUDWHG�LQWR�WKH�GLNH�V\VWHP�IRU�WKH�GLVSRVDO�DUHDV��HIIHFWLYHO\
EXU\LQJ�WKH�URDGEHG�XQGHU�PDQ\�IHHW�RI�ILOO���7KLV�ORFDWLRQ�LV�QRW�FXUUHQWO\�EHLQJ
DIIHFWHG�E\�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�

$Q\�SUHKLVWRULF�DQG�PRVW�KLVWRULF�UHVRXUFHV�WKDW�ZHUH�ORFDWHG�ZLWKLQ�WKH�GLVSRVDO
DUHD�WUDFWV�H[LVW�DV�DUFKDHRORJLFDO�GHSRVLWV�EHORZ�HOHYDWLRQ�����IHHW�0/:���7KH
NQRZQ�H[FHSWLRQV�DUH�WKH�2\VWHUEHG�/LJKW�6WUXFWXUH�LQ�WKH�-RQHV�2\VWHUEHG
'LVSRVDO�$UHD�DQG�WKH�&LYLO�:DU�HDUWKZRUN�RQFH�ORFDWHG�RQ�%DUQZHOO�,VODQG�LQ
'LVSRVDO�$UHD���%�

�������� 6LWHV�$GMRLQLQJ�7KH�)HGHUDO�1DYLJDWLRQ�&KDQQHO

���������� 1DWLRQDO�0RQXPHQWV

)RUW�3XODVNL�1DWLRQDO�0RQXPHQW�LV�ORFDWHG�RQ�WKH�VRXWK�VKRUH�RI�WKH�QDYLJDWLRQ
FKDQQHO�EHWZHHQ�6WDWLRQV���%�����DQG����������7KH�VLWH�LV�VLJQLILFDQW�DW�WKH�QDWLRQDO
OHYHO�IRU�LWV�DUFKLWHFWXUH��DVVRFLDWLRQ�ZLWK�HYHQWV�DQG�SHRSOH��DQG�IRU�DUFKDHRORJLFDO
SRWHQWLDO���7KH�VLWH�LV�DGPLQLVWHUHG�E\�WKH�1DWLRQDO�3DUN�6HUYLFH���,W�FRQWDLQV�D
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OLJKWKRXVH��WKH�IRUW��DQG�DUFKDHRORJLFDO�GHSRVLWV�DVVRFLDWHG�ZLWK�WKH�IRUW�DQG�D
TXDUDQWLQH�VWDWLRQ�FRQVWUXFWHG�LQ��������7KH�6DYDQQDK�+DUERU�3LORWV�$VVRFLDWLRQ�DQG
8QLWHG�6WDWHV�&RDVW�*XDUG�PDLQWDLQ�VWUXFWXUHV�DQG�ZKDUI�IDFLOLWLHV�DW�6DYDQQDK
+DUERU�6WDWLRQ����������7KH�VLWH�LV�QRW�EHLQJ�DIIHFWHG�E\�WKH�H[LVWLQJ�6DYDQQDK
+DUERU�1DYLJDWLRQ�3URMHFW�

���������� 1DWLRQDO�+LVWRULF�/DQGPDUNV

7KH�6DYDQQDK��*HRUJLD��1DWLRQDO�+LVWRULF�/DQGPDUN�'LVWULFW�DEXWV�WKH�QDYLJDWLRQ
FKDQQHO�EHWZHHQ�6WDWLRQV���������DQG����������EHWZHHQ�5DQGROSK�6WUHHW�DQG
0DUWLQ�/XWKHU�.LQJ�%RXOHYDUG����7KH�'LVWULFW�LV�VLJQLILFDQW�DW�WKH�QDWLRQDO�OHYHO�IRU�LWV
DUFKLWHFWXUH��ODQGVFDSH�DUFKLWHFWXUH��DQG�DUFKDHRORJ\���1HZ�ZKDUYHV�DQG�EXONKHDGV
ZHUH�FRQVWUXFWHG�IRU�WKH�'LVWULFW
V�HQWLUH�OHQJWK�DORQJ�WKH�1DYLJDWLRQ�3URMHFW�DV�SDUW
RI�D�����V�UH�GHYHORSPHQW�SURMHFW���,W�LV�QRW�NQRZQ�LI�DQ\�UHPDLQLQJ�KLVWRULF�ZKDUYHV
ZHUH�FRPSOHWHO\�GHVWUR\HG�DW�WKDW�WLPH��ZHUH�FXW�GRZQ��RU�ZHUH�EXLOW�RYHU���7KH
'LVWULFW�LV�QRW�EHLQJ�DIIHFWHG�E\�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�

���������� 1DWLRQDO�5HJLVWHU�/LVWHG�6LWHV

2OG�)RUW�-DFNVRQ�+LVWRULF�6LWH�LV�RZQHG�E\�WKH�6WDWH�RI�*HRUJLD�DQG�DGPLQLVWHUHG�E\
WKH�&RDVWDO�+HULWDJH�6RFLHW\���7KH�VLWH�FRQVLVWV�RI�D�EULFN�IRUW��PRDW��DQG�VXUURXQGLQJ
EXULHG�DUFKDHRORJLFDO�GHSRVLWV���,W�LV�VLJQLILFDQW�IRU�LWV�DUFKLWHFWXUH��DVVRFLDWLRQ�ZLWK
LPSRUWDQW�HYHQWV��DQG�DUFKDHRORJ\���,W�LV�ORFDWHG�DERXW���PLOHV�HDVW�RI�WKH�&LW\�RI
6DYDQQDK�DW�6WDWLRQ����������7KH�VLWH�LV�H[SHULHQFLQJ�EDQN�HURVLRQ���7KH�6DYDQQDK
'LVWULFW�86$&(�KDV�SUHSDUHG�D�0HPRUDQGXP�RI�$JUHHPHQW��02$��EHWZHHQ�LWVHOI�
WKH�6WDWH�RI�*HRUJLD��WKH�&RDVWDO�+HULWDJH�6RFLHW\��DQG�WKH�$GYLVRU\�&RXQFLO�RQ
+LVWRULF�3UHVHUYDWLRQ��$&+3��WKDW�VSHFLILHV�SURFHGXUHV�IRU�GHWHUPLQLQJ�WKH�FDXVHV
RI�WKH�HURVLRQ�SUREOHP��DQ\�SRVVLEOH�IHGHUDO�LQYROYHPHQW�ZLWK�WKH�SUREOHP�
SRWHQWLDO�VROXWLRQV��DQG�IXQGLQJ�VRXUFHV���7KH�GUDIW�DJUHHPHQW�KDV�EHHQ�UHYLHZHG�E\
DOO�VLJQDWRU\�SDUWLHV�DQG�WKH�ILQDO�YHUVLRQ�LV�EHLQJ�SUHSDUHG���0RVW�RI�WKH�HQJLQHHULQJ
VWXGLHV�UHTXLUHG�E\�WKH�02$�DUH�EHLQJ�FRQGXFWHG�DV�SDUW�RI�WKH�SURSRVHG�6DYDQQDK
+DUERU�([SDQVLRQ�3URMHFW�

7KH�&�6�6��*HRUJLD�LV�WKH�ZUHFN�RI�D�&RQIHGHUDWH�LURQFODG�FRQVWUXFWHG�LQ�6DYDQQDK
LQ������DQG�VFXWWOHG�WR�SUHYHQW�FDSWXUH�LQ�'HFHPEHU��������7KH�ZUHFN�VLWH�LV
VLJQLILFDQW�DW�WKH�QDWLRQDO�OHYHO�IRU�LWV�DUFKLWHFWXUH��DVVRFLDWLRQV�ZLWK�HYHQWV�DQG
SHRSOH��DQG�IRU�LWV�DUFKDHRORJ\���7KH�VLWH�ZDV�ILUVW�ORFDWHG�LQ������ZKHQ�LW�ZDV
LPSDFWHG�E\�D�KDUERU�ZLGHQLQJ�SURMHFW���7KH�VLWH�KDV�EHHQ�WKH�VXEMHFW�RI�D�QXPEHU�RI
6DYDQQDK�'LVWULFW�86$&(�VSRQVRUHG�LQYHVWLJDWLRQV�WR�GHWHUPLQH�LWV�JHRJUDSKLF
OLPLWV�DQG�FRQGLWLRQ���7KH�6DYDQQDK�'LVWULFW�86$&(�KDV�SUHSDUHG�DQ�02$�EHWZHHQ
LWVHOI�DQG�WKH�VWDWHV�RI�*HRUJLD�DQG�6RXWK�&DUROLQD�DQG�WKH�$&+3�ZKLFK�LGHQWLILHV
LPSDFWV�WR�WKH�VLWH��WKH�IHGHUDO�LQWHUHVW�LQ�PLWLJDWLQJ�WKHVH�LPSDFWV��PLWLJDWLRQ
DOWHUQDWLYHV��DQG�IXQGLQJ�VRXUFHV���7KH�GUDIW�02$�LV�EHLQJ�UHYLHZHG�E\�WKH
FRQVXOWLQJ�SDUWLHV�DQG�WKH�ILQDO�LV�LQ�SUHSDUDWLRQ�
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7KH�6DYDQQDK�DQG�2JHHFKHH�&DQDO�KDV�EHHQ�OLVWHG�LQ�WKH�1DWLRQDO�5HJLVWHU�RI
+LVWRULF�3ODFHV�DW�WKH�VWDWH�OHYHO�IRU�LWV�DUFKLWHFWXUH�DQG�DUFKDHRORJ\���7KH�PRXWK�RI
WKH�FDQDO�LV�ORFDWHG�EHQHDWK�WKH�VRXWKHUQ�HQG�RI�WKH�7DOPDGJH�%ULGJH���7KH�VLWH�LV�QRW
EHLQJ�DIIHFWHG�E\�WKH�H[LVWLQJ�QDYLJDWLRQ�SURMHFW�

���������� 1DWLRQDO�5HJLVWHU�(OLJLEOH�6LWHV

7KH�9HQXV�3RLQW�/LJKW�6WUXFWXUH�LV�ORFDWHG�LQ�6RXWK�&DUROLQD�QHDU�6WDWLRQ����������,W
ZDV�ORFDWHG�RQ�WKH�ULYHUEDQN�LQ�IURQW�RI�WKH�VRXWK�GLNH�IRU�WKH�-RQHV�2\VWHUEHG
,VODQG�'LVSRVDO�$UHD���,Q�������'LVWULFW�DUFKDHRORJLVWV�YLVLWHG�WKH�VLWH�DQG�IRXQG�WKH
VWUXFWXUH�WR�EH�VHYHUHO\�XQGHUPLQHG�DQG�LQ�GDQJHU�RI�FROODSVH���7KH�VLWH�ZDV
GHWHUPLQHG�WKH�VLWH�WR�EH�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF
3ODFHV�LQ�������EDVHG�RQ�WKH�VLWH
V�VLJQLILFDQFH�DW�WKH�ORFDO�OHYHO�IRU�LWV�DUFKLWHFWXUH
DQG�KLVWRU\���7KH�6DYDQQDK�'LVWULFW�86$&(�DWWHPSWHG�WR�GRFXPHQW�WKH�VLWH�WR
+LVWRULF�$PHULFDQ�(QJLQHHULQJ�6WDQGDUGV��EXW�LW�FROODSVHG�LQWR�WKH�ULYHU�MXVW�EHIRUH
WKH�FRQWUDFWRU�DUULYHG�DW�WKH�VLWH���7KH�FRQWUDFWRU�JDWKHUHG�KLVWRULFDO�GRFXPHQWDWLRQ�
SKRWRJUDSKV��DQG�GUDZLQJV��DQG�XVHG�PHDVXUHPHQWV�WDNHQ�LQ������E\�6DYDQQDK
'LVWULFW�86$&(�DUFKDHRORJLVWV�WR�GRFXPHQW�WKH�VLWH���6XEVHTXHQW�FRRUGLQDWLRQ�ZLWK
WKH�6RXWK�&DUROLQD�6+32�UHVXOWHG�LQ�DQ�DJUHHPHQW�WKDW�WKH�UHPDLQLQJ�SRUWLRQV�RI
WKH�VLWH��WKH�IRXQGDWLRQ�RI�WKH�OLJKWNHHSHU·V�KRXVH�WKDW�ZDV�HURGLQJ�RXW�RI�WKH�GLNH�
GLG�QRW�ZDUUDQW�FRQVWUXFWLRQ�RI�SK\VLFDO�SURWHFWLYH�PHDVXUHV��EXW�WKDW�FRQWLQXHG
PRQLWRULQJ�RI�WKH�VLWH�ZRXOG�EH�SHUIRUPHG�WR�GRFXPHQW�DQ\�IHDWXUHV�ZKLFK�EHFRPH
H[SRVHG�LQ�WKH�IXWXUH���*HRUJLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�DUFKDHRORJLVWV
SHULRGLFDOO\�PRQLWRU�DQG�UHFRUG�WKH�VLWH�

7KH�)LJ�,VODQG�&KDQQHO�6LWH�LV�ORFDWHG�DW�WKH�IRUPHU�PRXWK�RI�)LJ�,VODQG�&KDQQHO��D
FKDQQHO�WKDW�RQFH�VHSDUDWHG�)LJ�,VODQG�IURP�+XWFKLQVRQ�,VODQG���%HJLQQLQJ�DV�HDUO\
DV�������ORFDO�LQWHUHVWV�DWWHPSWHG�WR�FORVH�WKLV�FKDQQHO�E\�SODFLQJ�GHUHOLFW�VKLSZUHFNV
LQ�LWV�PRXWK���7KLV�SUDFWLFH�FRQWLQXHG�XQWLO�WKH�ILUVW�TXDUWHU�RI�WKH���WK�FHQWXU\���7KH
6DYDQQDK�'LVWULFW�86$&(�FRQVWUXFWHG�D�SLOH�GDP�DFURVV�WKH�PRXWK�LQ�������ZLQJ
GDPV�LQ�WKH�����V�DQG�����V��DQG�D�WUDLQLQJ�ZDOO�LQ�WKH�����V���7KH�DUHD�EHKLQG�WKH
WUDLQLQJ�ZDOO�ZDV�EDFNILOOHG�ZLWK�GUHGJHG�PDWHULDO��FRPSOHWHO\�EORFNLQJ�WKH�ROG
FKDQQHO�DQG�FUHDWLQJ�KLJK�JURXQG�VXLWDEOH�IRU�GHYHORSPHQW���7KH�DUFKDHRORJLFDO�VLWH
VWUHWFKHV�IRU�DERXW�������DORQJ�WKH�VRXWK�VKRUH�RI�ZKDW�LV�QRZ�NQRZQ�DV�+XWFKLQVRQ
,VODQG���7KH�H[WHQW�RI�WKH�VLWH�LQODQG�KDV�QRW�EHHQ�GHWHUPLQHG���7KH�6DYDQQDK
'LVWULFW�86$&(·V�(QJLQHHU�'HSRW�RFFXSLHV�WKH�HDVWHUQ�����IHHW�RI�WKH�VLWH���7KH
VKRUHOLQH�SRUWLRQ�RI�WKH�VLWH�ZLWKLQ�WKH�'HSRW�DUHD�LV�SURWHFWHG�E\�D�EXONKHDG��

7KH�)LJ�,VODQG�&KDQQHO�6LWH�KDV�EHHQ�GHWHUPLQHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH
1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV���7KH�VLWH�LV�VLJQLILFDQW�DW�WKH�ORFDO�OHYHO�XQGHU
1DWLRQDO�5HJLVWHU�FULWHULXP�G��IRU�LWV�DELOLW\�WR�SURYLGH�LQIRUPDWLRQ�LPSRUWDQW�LQ
KLVWRU\���7KH�FKDQQHO�FRQWDLQV�WKH�VWULSSHG�DQG�GHUHOLFW�UHPDLQV�RI�D�ODUJH�QXPEHU�RI
ZDWHUFUDIW�WKDW�RQFH�QDYLJDWHG�6DYDQQDK�+DUERU���6WXGLHV�RI�WKHVH�SRRUO\
GRFXPHQWHG�FUDIW�FDQ�SURYLGH�QHZ�LQIRUPDWLRQ�RQ�YHVVHO�W\SHV�XVHG�KLVWRULFDOO\�LQ
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WKH�KDUERU��YHVVHO�UHSDLU�WHFKQLTXHV��DQG�RQ�YHVVHO�DEDQGRQPHQW���4XHVWLRQV�DERXW
KRZ�ORQJ�YDULRXV�YHVVHOV�ZHUH�LQ�XVH��WKH�XVHV�WR�ZKLFK�YDULRXV�YHVVHO�GHVLJQV�ZHUH
SXW��UHXVH�RI�YHVVHOV�RYHU�WLPH��DQG�UHDVRQV�DQG�SURFHGXUHV�IRU�DEDQGRQPHQW�FDQ�EH
DGGUHVVHG���$GGLWLRQDO�UHVHDUFK�TXHVWLRQV�FRQFHUQLQJ�WKH�PHWKRGV�WKDW�ZHUH�XVHG�WR
SUHSDUH�YHVVHOV�IRU�XVH�DV�REVWUXFWLRQV�FDQ�DOVR�EH�DGGUHVVHG�

([FDYDWLRQV�ZHUH�FDUULHG�RXW�LQ������DQG������RQ�QRQ�'HSRW�SRUWLRQV�RI�WKLV�VLWH�DV
SDUW�RI�WKH�PLWLJDWLRQ�IRU�LPSDFWV�DVVRFLDWHG�ZLWK�WKH����������������+DUERU
:LGHQLQJ�DQG�����������([SDQVLRQ�3URMHFWV���,Q�WKH�(QJLQHHU�'HSRW�SRUWLRQ�RI�WKH
VLWH��ZLWK�WKH�H[FHSWLRQ�RI�WKH�ERDW�UDPS�DUHD��DUFKDHRORJLFDO�GHSRVLWV�DUH�EXULHG
IURP����WR����IHHW�EHQHDWK�GUHGJH�PDWHULDO���3UHVHQW�RSHUDWLRQ�DQG�PDLQWHQDQFH
SUDFWLFHV�DW�WKH�'HSRW�KDYH�QR�HIIHFW�XSRQ�WKH�VLWH���+RZHYHU��DQ\�SURSRVDO�WR
PRGLI\�WKH�EXONKHDG�ZDOO�RU�ERDW�UDPS��RU�WR�FRQVWUXFW�IDFLOLWLHV�UHTXLULQJ�JURXQG
GLVWXUEDQFH�WR�D�GHSWK�RI�PRUH�WKDQ����IHHW�ZRXOG�QHHG�WR�EH�HYDOXDWHG�IRU�WKHLU
HIIHFW�XSRQ�WKLV�VLWH�

���������� 3RWHQWLDOO\�6LJQLILFDQW�6LWHV

7KH�,UHQH�0RXQG�6LWH��D�0LVVLVVLSSLDQ�3HULRG�FHUHPRQLDO�FHQWHU��ZDV�RQFH�ORFDWHG�DW
WKH�MXQFWXUH�RI�3LSHPDNHU
V�&DQDO�DQG�WKH�6DYDQQDK�5LYHU���7KH�VLWH�DUHD�ZDV
VHYHUHO\�LPSDFWHG�E\�QRQ�IHGHUDO�SRUW�GHYHORSPHQW�DFWLYLWLHV�LQ�WKH�����V���,W�LV�QRW
NQRZQ�LI�DQ\�LQWDFW�SRUWLRQV�UHPDLQ�EHQHDWK�H[LVWLQJ�VWUXFWXUHV���7KLV�VLWH�LV�QRW
EHLQJ�LPSDFWHG�E\�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW

%DWWHU\�/HH�LV�D�&RQIHGHUDWH�HDUWKZRUN�ORFDWHG�RQ�WKH�HGJH�RI�WKH�QDYLJDWLRQ
FKDQQHO���'UHGJLQJ�DVVRFLDWHG�ZLWK�D�SULYDWHO\�RZQHG�ZKDUI�LV�LPSDFWLQJ�WKH�VLWH�
EXW�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�LV�QRW�LPSDFWLQJ�LW�

7XUQEXOO
V�7DYHUQ�6LWH�LV�WKH�DUFKDHRORJLFDO�UHPDLQV�RI�D�ODWH���WK�HDUO\���WK�FHQWXU\
WDYHUQ�DQG�ZKDUI�ORFDWHG�RQ�WKH�ULYHU�VKRUH���7KH�VLWH�LV�QRW�DIIHFWHG�E\�WKH�H[LVWLQJ
6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�

6RXWKHDVWHUQ�6KLS\DUG�LV�D�:RUOG�:DU�,,�SHULRG�VKLS\DUG�WKDW�SURGXFHG�FRPPHUFLDO
RFHDQ�JRLQJ�YHVVHOV���7KH�XSODQG�EXLOGLQJV�KDYH�DOO�EHHQ�UHPRYHG�RU�UD]HG���7KH
ODXQFKLQJ�UDLOV�DUH�VWLOO�YLVLEOH�DW�ORZ�ZDWHU���7KH�VLWH�LV�QRW�EHLQJ�LPSDFWHG�E\�WKH
SUHVHQW�QDYLJDWLRQ�SURMHFW�

0LOOHU
V�,URQ�)RXQGU\�6LWH�LV�WKH�DUFKDHRORJLFDO�UHPDLQV�RI�DQ�DQWHEHOOXP�DQG�EHOOXP
LURQ�IRXQGU\����7KH�IRXQGU\�ZDV�D�PDMRU�VXSSOLHU�RI�ORFDO�VWHDP�SODQWV�SULRU�WR�WKH
&LYLO�:DU���'XULQJ�WKH�ZDU��LW�DOVR�SURGXFHG�RUGQDQFH���,W�ZDV�EXUQHG�LQ�'HFHPEHU
�����WR�NHHS�LW�RXW�RI�8QLRQ�KDQGV���)RU�D�EULHI�SHULRG�DIWHU�WKH�ZDU�LW�ZDV�XVHG�E\
8QLRQ�WURRSV����7KH�VLWH�LV�QRW�EHLQJ�DIIHFWHG�E\�WKH�H[LVWLQJ�QDYLJDWLRQ�SURMHFW�

:LOOLQN
V�DQWHEHOOXP�DQG�EHOOXP�VKLS\DUG�ZDV�WKH�ODUJHVW�VKLSEXLOGLQJ�IDFLOLW\�LQ
*HRUJLD�IURP������WR��������,W�SURGXFHG�LQWUDFRDVWDO�DQG�ULYHU�VWHDPHUV��VDLOLQJ�SLORW
ERDWV��DQG�RWKHU�FUDIW���'XULQJ�WKH�&LYLO�:DU�LW�FRPSOHWHG���LURQFODG�DQG�QHDUO\
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FRPSOHWHG���RWKHUV���,W�ZDV�EXUQHG�LQ�'HFHPEHU������WR�NHHS�LW�RXW�RI�8QLRQ�KDQGV��
7KH�VLWH�LV�QRW�EHLQJ�DIIHFWHG�E\�WKH�QDYLJDWLRQ�SURMHFW�

(OHYHQ�SRWHQWLDOO\�VLJQLILFDQW�VWULSSHG�DQG�GHUHOLFW�YHVVHOV�DUH�HURGLQJ�IURP�WKH
KDUERU�VKRUHOLQH���7KHVH�YHVVHOV�DSSHDU�WR�LQFOXGH�WKH�UHPDLQV�RI�WKH�IROORZLQJ���D
ODWH���WK�HDUO\���WK�FHQWXU\�VORRS�RU�VFKRRQHU��D�ODWH���WK�HDUO\���WK�FHQWXU\�SROH
ERDW��DQ�LQWUDFRDVWDO�VWHDPHU��D�ODWH���WK�HDUO\���WK�FHQWXU\�VWHHO�OLIHERDW��D�PLG�WR
ODWH���WK�FHQWXU\�VWHDP�SRZHUHG��SURSHOOHU�GULYHQ�YHVVHO�������WK�FHQWXU\�VDLOLQJ
YHVVHOV��DQG���ODWH���WK�HDUO\���WK�FHQWXU\�ZRRGHQ�EDUJHV���:KLOH�QRQH�DUH�EHLQJ
DIIHFWHG�E\�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW��VWUHDP�EDQN�HURVLRQ�LV�VORZO\
GHVWUR\LQJ�DOO�RI�WKHP�

7HUU\�6KLS\DUG�LV�D�:RUOG�:DU�,�SHULRG�VKLS\DUG�WKDW�DSSDUHQWO\�EXLOW�WXJERDWV�IRU
WKH�ZDU�HIIRUW���1R�EXLOGLQJV�KDYH�EHHQ�SUHVHUYHG��KRZHYHU��WKH�UHPDLQV�RI�DW�OHDVW��
VOLSZD\V�DQG�DFFHVV�ZKDUYHV�DUH�SUHVHQW���7KH�VLWH�LV�QRW�EHLQJ�DIIHFWHG�E\�WKH
H[LVWLQJ�QDYLJDWLRQ�SURMHFW��KRZHYHU��VWUHDP�EDQN�HURVLRQ�LV�LPSDFWLQJ�WKH�VKRUHOLQH
SRUWLRQV�RI�WKH�VLWH�

7KH�.UHQVRQ�DQG�+DZNHV�6KLS\DUG�ZDV�DFWLYH�IURP�DERXW������WR��������,W
FRQVWUXFWHG�LQWUDFRDVWDO�VWHDPHUV�DQG�WXJERDWV�GXULQJ�WKH�DQWHEHOOXP�SHULRG��
'XULQJ�WKH�&LYLO�:DU�LW�FRQVWUXFWHG���0DXU\�*XQERDW�IRU�WKH�&RQIHGHUDWH�1DY\�DQG
KDG�DQ�LURQFODG�RQ�WKH�VWRFNV�ZKHQ�LW�ZDV�EXUQHG�WR�SUHYHQW�LWV�FDSWXUH�LQ��������7KH
\DUG�ZDV�DW�OHDVW�SDUWLDOO\�UHEXLOW�DIWHU�WKH�ZDU���$W�OHDVW���VDLOLQJ�SLORW�ERDW�ZDV
FRQVWUXFWHG�GXULQJ�WKDW�SHULRG���,Q�WKH�ODWWHU�SDUW�RI�WKH���WK�FHQWXU\��WKLV�ZDV�WKH
VLWH�RI�D�ODUJH�VWHDPVKLS�ZKDUI���,W�LV�QRW�NQRZQ�LI�DQ\�DUFKDHRORJLFDO�GHSRVLWV�DUH
SUHVHUYHG�EHQHDWK�WKH�SUHVHQW�ZKDUI�IDFLOLW\���7KH�VLWH�LV�QRW�DIIHFWHG�E\�WKH�H[LVWLQJ
QDYLJDWLRQ�SURMHFW�

7KH�)HUU\�:KDUI�ZDV�ORFDWHG�RQ�WKH�*HRUJLD�ULYHUEDQN�DW�WKH�IRRW�RI�ZKDW�LV�QRZ
(DVW�%URDG�6WUHHW���7KLV�ZDV�D�FHQWHU�RI�DFWLYLW\�IURP�WKH�����V�XQWLO�WKH�HDUO\���WK
FHQWXU\���7KHUH��LQGLYLGXDOV�FDXJKW�WKH�IHUU\�WR�6RXWK�&DUROLQD�DQG�PRRUHG�WKHLU
VDLOLQJ�DQG�URZLQJ�VPDOO�FUDIW�ZKHQ�YLVLWLQJ�WKH�FLW\���7KH�UHPDLQV�RI�QXPHURXV
VPDOO�FUDIW�PD\�EH�FOXVWHUHG�LQ�WKH�ULYHU�ERWWRP�LQ�WKLV�DUHD���7KLV�ORFDWLRQ�LV�QRW
EHLQJ�DIIHFWHG�E\�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�

7ZR�SRVVLEOH���WK�FHQWXU\�FULE�ZKDUYHV�DUH�ORFDWHG�DORQJ�WKH�KDUERU�VKRUHOLQH���7KH
ZKDUYHV�DUH�QRW�EHLQJ�DIIHFWHG�E\�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW��

���������� ([LVWLQJ�$JUHHPHQWV�IRU�+LVWRULF�3URSHUWLHV

$�SURJUDPPDWLF�DJUHHPHQW�ZDV�H[HFXWHG�IRU�WKH������1HZ�&XW�&ORVXUH�3URMHFW�LQ
RUGHU�WR�FRPSO\�ZLWK�WKH�1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ�$FW���3XEOLF�/DZ���������DV
DPHQGHG���DQG�WKH�$GYLVRUY�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ
V�UHJXODWLRQ�IRU
LPSOHPHQWLQJ�WKH�DFW�����&)5�3DUW��������7KH�DJUHHPHQW�RXWOLQHG�KLVWRULF�SURSHUWLHV
LQYHVWLJDWLRQV�WR�EH�FRQGXFWHG�DV�ZHOO�DV�SURFHGXUHV�IRU�LPSOHPHQWLQJ�DQG
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FRRUGLQDWLQJ�WKHVH�LQYHVWLJDWLRQV�ZLWK�WKH�*HRUJLD�DQG�6RXWK�&DUROLQD�6WDWH�+LVWRULF
3UHVHUYDWLRQ�2IILFHUV�DQG�WKH�$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ���$OO�WDVNV
KDYH�EHHQ�FRPSOHWHG�H[FHSW�IRU�ILQDOL]DWLRQ�RI�0HPRUDQGXPV�RI�$JUHHPHQW�IRU�2OG
)RUW�-DFNVRQ�DQG�WKH�&�6�6��*HRUJLD��7KHVH�PHPRUDQGXPV�RXWOLQH�UHTXLUHPHQWV�IRU
LQYHVWLJDWLQJ�KDUERU�RSHUDWLRQ�DQG�PDLQWHQDQFH�LPSDFWV�WR�WKHVH�UHVRXUFHV�
GHYHORSLQJ�DQG�UHYLHZLQJ�DOWHUQDWLYHV�IRU�DYRLGLQJ�RU�PLWLJDWLQJ�DQ\�LPSDFWV��DQG
WKH�SURFHGXUHV�IRU�FRRUGLQDWLQJ�WKLV�ZRUN�ZLWK�WKH�DSSURSULDWH�6WDWH�+LVWRULF
3UHVHUYDWLRQ�2IILFHUV��WKH�$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ��DQG�RWKHU
LQWHUHVWHG�SDUWLHV���7KH�DJUHHPHQWV�KDYH�EHHQ�UHYLHZHG�E\�WKH�VLJQDWRU\�SDUWLHV�DQG
DUH�EHLQJ�FRRUGLQDWHG�IRU�ILQDO�VLJQDWXUH���&RSLHV�RI�WKH�3URJUDPPDWLF�$JUHHPHQW
DQG�0HPRUDQGXPV��RI��$JUHHPHQW��DUH��FRQWDLQHG��LQ�(QFORVXUH�)�

�7KH�3URJUDPPDWLF�$JUHHPHQW�ZDV�H[HFXWHG�IRU�WKH������KDUERU��GHHSHQLQJ��SURMHFW
LQ�RUGHU�WR�FRPSO\�ZLWK�WKH�1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ��$FW���3XEOLF��/DZ�����
������DV��DPHQGHG��DQG�WKH�$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ
V�UHJXODWLRQ
IRU��LPSOHPHQWLQJ��WKH��$FW����&)5�3DUW��������7KH�DJUHHPHQW�RXWOLQHG�KLVWRULF
SURSHUWLHV
�LQYHVWLJDWLRQV�WR�EH�FRQGXFWHG�DV�ZHOO�DV�SURFHGXUHV�IRU�LPSOHPHQWLQJ
DQG�FRRUGLQDWLQJ�WKHVH�LQYHVWLJDWLRQV�ZLWK�WKH�*HRUJLD�DQG�6RXWK�&DUROLQD�6WDWH
+LVWRULF�3UHVHUYDWLRQ�2IILFHUV�DQG�WKH�$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ��
$OO�WDVNV�KDYH�EHHQ�FRPSOHWHG�H[FHSW�IRU�UHFRYHU\�RI�RUGQDQFH�IURP�WKH�VKLSSLQJ
FKDQQHO�LQ�WKH�YLFLQLW\�RI�WKH�&�6�6��*HRUJLD��DQG�FXUDWLRQ�RI�DUWLIDFWV�UHFRYHUHG
GXULQJ�WKH��FRXUVH�RI�WKH�)LJ�,VODQG�&KDQQHO�6LWH�LQYHVWLJDWLRQV���3RUWLRQV�RI�WKHVH�
DUWLIDFWV�DUH�VWLOO�XQGHUJRLQJ�FRQVHUYDWLRQ���:KHQ�FRQVHUYDWLRQ�LV�FRPSOHWH��WKH
HQWLUH�FROOHFWLRQ�ZLOO�EH�GHSRVLWHG�LQ�D�IHGHUDOO\�DSSURYHG�FXUDWLRQ�IDFLOLW\��DV
UHTXLUHG�LQ�WKH�SURJUDPPDWLF�DJUHHPHQW��6LQFH�86$&(�6DYDQQDK�'LVWULFW�SUHVHQWO\
SHUIRUPV�QR�GUHGJLQJ�WKH�������IRRW�VHJPHQW�RI�WKH�VKLSSLQJ�FKDQQHO�QHDU�WKH�&�6�6�
*HRUJLD��UHWULHYDO�RI�WKH�RUGQDQFH�KDV�EHHQ�SRVWSRQHG�LQGHILQLWHO\��$�FRS\�RI�WKH
3URJUDPPDWLF�$JUHHPHQW�LV�FRQWDLQHG�LQ�(QFORVXUH�)�

���������� 6XEPHUJHG�$QRPDOLHV

6L[WHHQ�XQLQYHVWLJDWHG�VXEPHUJHG�PDJQHWLF�DQG�RU�VRQDU�WDUJHWV�KDYH�EHHQ
LGHQWLILHG�LQ�WKH�YLFLQLW\�RI�WKH�QDYLJDWLRQ�FKDQQHO�RU�6HGLPHQW�%DVLQ���1RQH�DUH
EHLQJ�DIIHFWHG�E\�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�RU�RWKHU�KDUERU�UHODWHG
DFWLYLWLHV�

���� 6SHFLDO�5HVRXUFHV�RI�&RQFHUQ

������ 6DYDQQDK�5HIXJH�:HWODQGV��([LVWLQJ�&RQGLWLRQV

7KH�61:5�ZDV�HVWDEOLVKHG�LQ������´DV�D�UHIXJH�DQG�EUHHGLQJ�JURXQG�IRU�ELUGV�DQG
ZLOG�DQLPDOV�µ��6XEVHTXHQW�OHJLVODWLRQ�SURYLGHG�DGGLWLRQDO�ODQGV�DQG�H[SDQGHG�WKH
SXUSRVH�IRU�HVWDEOLVKPHQW�WR�LQFOXGH��DQ�LQYLRODWH�VDQFWXDU\�IRU�PLJUDWRU\�ELUGV�
UHFUHDWLRQ��SURWHFWLRQ�RI�QDWXUDO�UHVRXUFHV��DQG�FRQVHUYDWLRQ�RI�HQGDQJHUHG�RU
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WKUHDWHQHG�VSHFLHV���3DVW�KDUERU�PRGLILFDWLRQV�KDYH�FKDQJHG�VDOLQLW\�OHYHOV
WKURXJKRXW�PXFK�RI�WKH�61:5���$�SULPDU\�JRDO�RI�WKH�61:5�LV�WR�UHVWRUH�DQG
PDLQWDLQ�WLGDO�IUHVKZDWHU�PDUVK�LQ�WKH�VWXG\�DUHD�

7KH�PDMRU�LVVXH�UHJDUGLQJ�ZHWODQGV�RI�WKH�61:5�DVVRFLDWHG�ZLWK�WKH�SURSRVHG
KDUERU�GHHSHQLQJ�LV�WKH�SRWHQWLDO�ORVV�RI�WLGDO�IUHVKZDWHU�PDUVKHV�DV�D�UHVXOW�RI
LQFUHDVHG�VDOLQLWLHV��6DOLQLW\�LPSDFWV�WR�WKH�WLGDO�IUHVKZDWHU�PDUVKHV�KDYH�EHHQ�D
FRQFHUQ�ZLWK�SUHYLRXV�LPSURYHPHQW�SURMHFWV���6DOLQLW\�ZDV�WKH�PDMRU�LVVXH�LQ
HYDOXDWLQJ�WKH�HIIHFW�RI�WKH�WLGH�JDWH�RQ�WKH�61:5�ZHWODQGV��

%HFDXVH�WLGDO�IUHVKZDWHU�PDUVKHV�KDYH�KLJKHU�GLYHUVLW\�DQG�IRRG�YDOXH�LQ�WKHLU
IUHVKZDWHU�SODQW�VSHFLHV��WLGDO�IUHVKZDWHU�PDUVKHV�VXSSRUW�D�PRUH�GLYHUVH
DVVHPEODJH�RI�PDPPDOV��ZDWHUIRZO��DQG�LQVHFWV�WKDQ�WLGDO�VDOW�PDUVKHV��2GXP�HW
DO�����������:HWODQGV�DORQJ�WKH�ORZHU�6DYDQQDK�5LYHU�JHQHUDOO\�JURZ�LQ�GHILQLWH
]RQHV�WKDW�UHIOHFW�WKHLU�SRVLWLRQ�DORQJ�D�VDOLQLW\�JUDGLHQW�WKDW�UDQJHV�IURP�HQWLUHO\
IUHVKZDWHU�XSVWUHDP�WR�QHDUO\�PDULQH�VDOLQLWLHV�DW�WKH�PRXWK�RI�WKH�ULYHU���2GXP�HW
DO���������FDWHJRUL]HG�PDUVKHV�DORQJ�WKH�VDOLQLW\�JUDGLHQW�LQWR�IRXU�JURXSV�EDVHG�RQ
DYHUDJH�DQQXDO�VDOLQLW\�

���$YHUDJH�$QQXDO
6DOLQLW\��SSW� 0DUVK�7\SH

����� 7LGDO�)UHVKZDWHU
��� 2OLJRKDOLQH
���� 0HVRKDOLQH

�������������������������������� ��������� 3RO\KDOLQH

&RPSDUHG�ZLWK�WLGDO�VDOW�PDUVKHV��WLGDO�IUHVKZDWHU�PDUVKHV�DUH�UHODWLYHO\�OLPLWHG�LQ
H[WHQW���3HDUOVWLQH�HW�DO���������FLWHV�7LQHU��������ZKR�HVWLPDWHG�WKH�ORZHU�6DYDQQDK
5LYHU�DUHD�WR�KDYH��������DFUHV�RI�WLGDO�IUHVKZDWHU�PDUVKHV��ZKLFK�ZDV
DSSUR[LPDWHO\����SHUFHQW�RI�DOO�WLGDO�IUHVKZDWHU�PDUVKHV�LQ�*HRUJLD�DQG�6RXWK
&DUROLQD�

6DOLQLW\�LPSDFWV�WR�WKH�WLGDO�IUHVKZDWHU�PDUVKHV�KDYH�EHHQ�D�FRQFHUQ�ZLWK�SUHYLRXV
LPSURYHPHQW�SURMHFWV���6DOLQLW\�ZDV�WKH�PDMRU�LVVXH�LQ�HYDOXDWLQJ�WKH�HIIHFW�RI�WKH
WLGH�JDWH�RQ�WKH�61:5�ZHWODQGV���7KH�WLGH�JDWH�KDG�EHHQ�FRQVWUXFWHG�LQ������WR
UHGXFH�PDLQWHQDQFH�GUHGJLQJ�UHTXLUHPHQWV�ZLWKLQ�WKH�PDLQWDLQHG�SRUWLRQV�RI�WKH
)URQW�5LYHU��$Q�XQLQWHQGHG�FRQVHTXHQFH�RI�WLGH�JDWH�RSHUDWLRQ��KRZHYHU��ZDV�WR
LQFUHDVH�VDOLQLWLHV�LQ�WKH�0LGGOH�DQG�/LWWOH�%DFN�5LYHUV���7KH�LQFUHDVHG�VDOLQLWLHV�LQ
WKHVH�DUHDV�ZHUH�LGHQWLILHG�DV�WKH�FDXVH�RI�WLGDO�IUHVKZDWHU�PDUVK�ORVV�LQ�WKH�61:5�

%HWZHHQ������DQG�������3HDUOVWLQH�HW�DO���������FRQGXFWHG�D�PDMRU�VWXG\�WKDW
DGGUHVVHG�WKH�DIIHFW�RI�WKH�WLGH�JDWH�RQ�WKH�WLGDO�IUHVKZDWHU�PDUVKHV���7KHLU�VWXG\
FRQFOXGHG�WKDW��EHWZHHQ�������ZKHQ�WKH�WLGH�JDWH�ZHQW�LQWR�RSHUDWLRQ��DQG�WKH�WLPH



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ $))(&7('�(19,5210(17

RI�WKHLU�VWXG\�LQ�WKH�ODWH�����V��RSHUDWLRQ�RI�WKH�WLGH�JDWH�ZDV�UHVSRQVLEOH�IRU�WKH
FRQYHUVLRQ�RI�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�XQLPSRXQGHG�WLGDO�IUHVKZDWHU
PDUVKHV�RI�WKH�61:5�WR�EUDFNLVK�DQG�VXEVDOLQH�ZHWODQGV��3HDUOVWLQH�HW�DO����������
7KH�WLGH�JDWH�ZDV�VXEVHTXHQWO\�WDNHQ�RXW�RI�RSHUDWLRQ�LQ�������

$V�SUHYLRXVO\�VWDWHG��WKH�SXUSRVH�RI�WKH�3HDUOVWLQH�HW�DO���������VWXG\�ZDV�WR�GHYHORS
D�KDELWDW�VXFFHVVLRQ�PRGHO�IRU�ZHWODQGV�ZLWKLQ�WKH�61:5���$IWHU�WKH�WLGH�JDWH�ZDV
WDNHQ�RXW�RI�RSHUDWLRQ�LQ�������/DWKDP�DQG�.LWFKHQV��������FRQGXFWHG�D�VWXG\�WR
GRFXPHQW�FKDQJHV�LQ�VDOLQLW\�DQG�YHJHWDWLRQ�DW�WKH�IRXU�SULPDU\�VWXG\�VLWHV�XVHG�IRU
WKH�3HDUOVWLQH�HW�DO���������VWXG\���

7KH�'(,6�LQFOXGHV�DQ�H[WHQVLYH�HFRORJLFDO�LQYHVWLJDWLRQ�RI�WKH�WLGDO�PDUVKHV�ZLWKLQ
WKH�61:5���7KH�SXUSRVH�RI�WKLV�LQYHVWLJDWLRQ��ZKLFK�LV�VXPPDUL]HG�LQ�6HFWLRQ����
DQG�SUHVHQWHG�LQ�IXOO�LQ�(QFORVXUH�*��ZDV�WR�SURYLGH�D�SUHVHQW�GD\�GHWDLOHG
VQDSVKRW�RI�H[LVWLQJ�SODQW�FRPPXQLWLHV�ZLWKLQ�WKH�61:5�DQG��VHFRQGO\��WR�DVVHVV
WKH�SRWHQWLDO�LPSDFW�RI�WKH�FXUUHQWO\�SURSRVHG�H[SDQVLRQ�SURMHFW�RQ�WKHVH
FRPPXQLWLHV���7KH�ZRUN�LQFOXGHG�ERWK�LQLWLDO�ILHOG�UHFRQQDLVVDQFH�WULSV�DQG
H[WHQVLYH�ILHOG�ZRUN���7UDQVHFWV�ZHUH�HVWDEOLVKHG�DQG�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
SODQW�VXUYH\V�FRQGXFWHG���7KHVH�HIIRUWV�ZHUH�WKHQ�IROORZHG�E\�LQWHQVLYH�GDWD
DQDO\VLV�DQG�GHYHORSPHQW�RI�D�*,6�EDVH�PDS�XVLQJ�6327�VDWHOOLWH�LPDJHU\���$
VXSHUYLVHG�FODVVLILFDWLRQ�ZDV�FRQGXFWHG�XVLQJ�WKH�YHJHWDWLYH�GDWD�JDWKHUHG�GXULQJ
WKH�LQLWLDO�ILHOG�UHFRQQDLVVDQFH�DQG�WKH�TXDQWLWDWLYH�SODQW�VXUYH\V���7KH�EDVH�PDS
SURYLGHV�WKH�ILUVW�FRPSUHKHQVLYH�PDSSLQJ�RI�WKH�ZHWODQGV�RI�WKH�61:5�DQG
DGMDFHQW�DUHDV�VLQFH�WKH�3HDUOVWLQH�HW�DO���������VWXG\�DQG�FRXOG�VHUYH�DV�D�WRRO�IRU
IXWXUH�FRPSDULVRQ�IRU�WKH�SUHGLFWHG�PDUVK�H[WHQWV�DIWHU�WKH�KDUERU�GHHSHQLQJ�LV
FRPSOHWHG��

7KH�ILQGLQJV�RI�WKH�HFRORJLFDO�LQYHVWLJDWLRQ�LQGLFDWH�WKDW�WKH�ZLGHVSUHDG��SUHGLFWHG
UHFRYHU\�RU�VXFFHVVLRQ�IURP�VDOLQH�WR�IUHVKZDWHU�PDUVK�V\VWHP�ZLWK�DFFRPSDQ\LQJ
LQFUHDVH�LQ�VSHFLHV�GLYHUVLW\�KDV�QRW�RFFXUUHG�WR�GDWH���

������ 7\EHH�1DWLRQDO�:LOGOLIH�5HIXJH

7KH�7\EHH�5HIXJH�ZDV�HVWDEOLVKHG�LQ������DV�D�EUHHGLQJ�DUHD�IRU�PLJUDWRU\�ELUGV�DQG
RWKHU�ZLOGOLIH���7KH�5HIXJH�FRQVLVWV�RI�����DFUHV�RI�ZHWODQGV�DQG�GLNHG�ORZ�ODQGV
ORFDWHG�DW�WKH�PRXWK�RI�WKH�6DYDQQDK�5LYHU�DFURVV�IURP�WKH�ULYHU�IURP�WKH�)RUW
3XODVNL�1DWLRQDO�0RQXPHQW���0XFK�RI�WKH�VLWH�LV�GLNHG�DQG�LV�XVHG�IRU�SODFHPHQW�RI
VHGLPHQWV�GUHGJHG�IURP�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW���7KH�YHJHWDWHG
SRUWLRQV�RI�WKH�XSODQG�DUHDV�DUH�GHQVHO\�FRYHUHG�ZLWK�UHG�FHGDU��ZD[�P\UWOH��DQG
JURXQGVHO���6DOWZDWHU�PDUVK�ERUGHUV�SDUWV�RI�WKH�LVODQG���7KH�ORZ�WLGH�VKRUHOLQH
SURYLGHV�IHHGLQJ�DQG�UHVWLQJ�DUHDV�IRU�VKRUHELUGV�DQG�PLJUDWRU\�ELUGV���7KH�VLWH�LV
FORVHG�WR�SXEOLF�XVH�
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������ 2FHDQ�'UHGJHG�0DWHULDO�'LVSRVDO�6LWH

6DYDQQDK�2FHDQ�'UHGJHG�0DWHULDO�'LVSRVDO�6LWH��2'0'6����,Q�������(3$
FRPSOHWHG�IRUPDO�GHVLJQDWLRQ�DQG�DSSURYDO�RI�DQ�RIIVKRUH�VLWH�ORFDWHG�����QDXWLFDO
PLOHV�HDVW�RI�WKH�FRDVWOLQH�DQG�DERXW������QDXWLFDO�PLOHV��������IHHW��VRXWK�RI�WKH
QDYLJDWLRQ�FKDQQHO�DV�D�GUHGJHG�PDWHULDO�GLVSRVDO�VLWH���7KH�VLWH
V�FHQWHU�LV�ORFDWHG�DW
�����
���1�DQG������
���:���7KH�GHVLJQDWHG�VLWH�ZDV�WKH�RQH�WKDW�6DYDQQDK�'LVWULFW
86$&(�KDG�EHHQ�XVLQJ�IRU�PDQ\�\HDUV�IRU�SODFHPHQW�RI�VHGLPHQW�PDWHULDOV
UHPRYHG�IURP�WKH�%&���6HGLPHQWV�DUH�H[FDYDWHG�IURP�WKDW�UHDFK�E\�KRSSHU�GUHGJHV
DQG�WKHQ�WUDQVSRUWHG�WR�WKH�6DYDQQDK�2'0'6�IRU�GLVSRVDO���7KLV�SURFHGXUH�ZDV
SUHYLRXVO\�HYDOXDWHG�LQ������DQG�GHWHUPLQHG�WR�PHHW�WKH�FULWHULD�HVWDEOLVKHG�WR
LPSOHPHQW�6HFWLRQ�����RI�WKH�0DULQH�3URWHFWLRQ��5HVHDUFK�DQG�6DQFWXDULHV�$FW�RI
�����0356$��DV�DPHQGHG�����&)5�3DUWV�����WR��������7KH�0DQDJHPHQW�3ODQ�IRU�WKH
VLWH�LV�LQFOXGHG�DV�(QFORVXUH�'�WR�WKLV�'(,6�

������ &RDVWDO�%DUULHU�5HVRXUFHV�$FW��&%5$�

7KH�&RDVWDO�%DUULHU�5HVRXUFHV�$FW��&%5$��HVWDEOLVKHG�WKH�&RDVWDO�%DUULHU�5HVRXUFHV
6\VWHP��ZKLFK��ZLWK�FHUWDLQ�H[FHSWLRQV��SURKLELWV�DOO�QHZ�IHGHUDO�H[SHQGLWXUHV�DQG
ILQDQFLDO�DVVLVWDQFH�ZLWKLQ�WKH�ERXQGDULHV�RI�WKH�V\VWHP���/RFDWHG�DGMDFHQW�WR�WKH
7\EHH�5HIXJH�RQ�LWV�QRUWKHUQ�VLGH�LV�WKH�7XUWOH�,VODQG�:LOGOLIH�0DQDJHPHQW�$UHD
�:0$���ZKLFK�LV�RSHUDWHG�E\�WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�
�7KH�������DFUH�LVODQG�ZDV�GRQDWHG�WR�WKH�VWDWH�LQ������IRU�ZDWHUIRZO�PDQDJHPHQW
SXUSRVHV���7KH�VLWH�LV�ZLWKLQ�8QLW�6&��3�RI�WKH�&RDVWDO�%DUULHU�5HVRXUFHV�6\VWHP��VR
LW�UHFHLYHV�SURWHFWLRQ�IURP�GHYHORSPHQW�XQGHU�WKH�&%5$���7KH�:0$�FRQWDLQV������
DFUHV�RI�ORZ�VDOW�PDUVK�����DFUHV�RI�SDOP�SDOPHWWR�IRUHVW�ZLWK�D�ZD[�P\UWOH
XQGHUVWRU\��DQG����DFUHV�RI�EHDFK�DQG�GXQHV���+LJK�JURXQG�LV�VLWXDWHG�LQ�URXJKO\
SDUDOOHO�VWULSV�WKDW�HQFLUFOH�����DFUHV�RI�KLJK�VDOW�PDUVK���7KH�KLJK�VDOW�PDUVK
SURYLGHV�WKH�EHVW�KDELWDW�IRU�ZDWHUIRZO�PDQDJHPHQW�DQG�KXQWLQJ���3XEOLF�XVH
LQFOXGHV�ZDWHUIRZO�KXQWLQJ��PDUVK�KHQ�KXQWLQJ��EHDFKFRPELQJ��ILVKLQJ��ELUG
ZDWFKLQJ��SLFQLFNLQJ��DQG�FDPSLQJ��GHVLJQDWHG�DUHDV�RQO\����3XEOLF�XVH�LV�JHQHUDOO\
ORZ�VLQFH�DFFHVV�LV�DYDLODEOH�RQO\�E\�ERDW�

���� 5HODWLRQVKLS�RI�3URSRVHG�3URMHFW�WR�3UHYLRXV�DQG�&XUUHQW�6WXGLHV

�6HYHUDO�VWXGLHV�DQG�HYDOXDWLRQV�KDYH�EHHQ�FRQGXFWHG�RU�DUH�FXUUHQWO\�EHLQJ
FRQGXFWHG�ZKLFK�VLJQLILFDQWO\�LQIOXHQFH�RSHUDWLRQ�RI�WKH�KDUERU����7KH�PDMRU�VWXGLHV
DUH�RXWOLQHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�

������ :DWHUZD\V�'UHGJHG�0DWHULDO�&RQWDLQPHQW�$UHDV�6WXG\

7KH�*HRUJLD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��*'27��VHUYHV�DV�WKH�IHH�RZQHU�RI�DERXW
���SHUFHQW�RI�WKH�&')V�LQ�6DYDQQDK�+DUERU���,W�DOVR�DVVLVWV�&KDWKDP�&RXQW\�LQ
SURYLGLQJ�DOO�XSODQG�GLVSRVDO�DUHDV�IRU�KDUERU�VHGLPHQWV���*'27�FRQGXFWHG�D
JHRWHFKQLFDO�VWXG\�RI�WKH�LQQHU�KDUERU�GLVSRVDO�DUHDV�LQ�WKH�ODWH�����V���7KH�VWXG\
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DGGUHVVHG�WKH�FDSDFLWLHV�RI�WKH�H[LVWLQJ�GLVSRVDO�DUHDV��SUHGLFWHG�IXWXUH�GUHGJLQJ
DQG�VWRUDJH�UHTXLUHPHQWV��DV�ZHOO�DV�FRQVWUXFWLRQ�FRVWV�DQG�VFKHGXOHV���7KH�����
UHSRUW�SURYLGHG�D�PDLQWHQDQFH�GUHGJLQJ�PDQDJHPHQW�SODQ�WKURXJK�WKH�\HDU������

������ $JLWDWLRQ�'UHGJLQJ�6WXGLHV

7ZR�VWXGLHV�ZHUH�SHUIRUPHG�LQ������RQ�WKH�HIIHFWV�RI�DJLWDWLRQ�GUHGJLQJ���7KRVH
VWXGLHV�ZHUH�FRPSRQHQWV�RI�WKH�UHYLHZV�WKDW�SHUWDLQHG�WR�WKH�6DYDQQDK�'LVWULFW
86$&(
V�UH�LVVXDQFH�RI�GRFN�RZQHU
V�6HFWLRQ�����'UHGJH�DQG�)LOO�3HUPLWV����2QH
VWXG\�HYDOXDWHG���IRUPV�RI�DJLWDWLRQ�GUHGJLQJ�RSHUDWLRQV���WKH�FRPPRQO\�XVHG
WHFKQLTXH�RI�GUDJJLQJ�DQ�,�EHDP�WR�UH�VXVSHQG�GHSRVLWHG�PDWHULDO�ZDV�HYDOXDWHG��DV
ZHOO�DV�WKH�WHFKQLTXH�RI�K\GUDXOLF�GUHGJLQJ�ZLWK�GLUHFW�GHSRVLWLRQ�LQ�WKH�FKDQQHO��
7KH������VWXG\�ZDV�SHUIRUPHG�IRU�7HUPLQDO�0DQDJHPHQW�&RUSRUDWLRQ�E\�WKH
6NLGDZD\�,QVWLWXWH�RI�2FHDQRJUDSK\���7KH�RWKHU������VWXG\�ZDV�SHUIRUPHG�E\�(0&
(QJLQHHULQJ�6HUYLFHV�IRU�D�FRQVRUWLXP�RI�WHUPLQDO�RSHUDWRUV���7KH�VWXGLHV�JHQHUDOO\
FRXQFOXGHG�WKDW�WKH�LPSDFWV�RI�DJLWDWLRQ�GUHGJLQJ�WR�EH�PLQRU�LQ�QDWXUH�DQG�VKRUW�
OLYHG�LQ�GXUDWLRQ��

������ %DFN�5LYHU�:HWODQG�9HJHWDWLRQ�6WXG\

6DYDQQDK�'LVWULFW�86$&(�IXQGHG�D�VWXG\�RI�WKH�WLGDO�PDUVK�LQ�%DFN�5LYHU�DERYH�WKH
WLGH�JDWH���7KH�VWXG\�ZDV�GHVLJQHG�WR�GRFXPHQW�UHFRYHU\�RI�WKH�WLGDO�PDUVK�DIWHU
FORVXUH�RI�1HZ�&XW�DQG�UHPRYDO�RI�WKH�WLGH�JDWH�IURP�RSHUDWLRQ���$�ILQDO�VDPSOLQJ
ZDV�FRQGXFWHG�LQ�WKH�IDOO�RI������DQG�WKH�ILQDO�UHSRUW�ZDV�FRPSOHWHG�LQ�)HEUXDU\
�������7KH�VWXG\�IRXQG�WKDW�IUHVKZDWHU�FRQGLWLRQV�KDYH�UHWXUQHG�WR�PXFK�RI�WKH
VWXG\�DUHD�DQG�PDUVK�VSHFLHV�GLYHUVLW\�KDV�LQFUHDVHG���5HFHQW�ILHOG�ZRUN�XQGHUWDNHQ
E\�$70�LQGLFDWHV�WKDW�WKH�UHFRYHU\�RI�IUHVKZDWHU�ZHWODQGV��RU�PRUH�SUHFLVHO\��WKH
SUHVHQW�DUHDO�H[WHQW�RI�IUHVKZDWHU�ZHWODQGV�GRHV�QRW�DSSHDU�WR�FRYHU�WKH�H[SDQVH
WKDW�ZDV�UHSRUWHG�LQ�WKLV�VWXG\��

������ 5HODWLRQVKLS�WR�&XUUHQW�$FWLRQV

7KH�SURSRVHG�SURMHFW�LV�DOVR�UHODWHG�WR�VHYHUDO�RQJRLQJ�DFWLYLWLHV�UHODWHG�WR�6DYDQQDK
+DUERU���7KHVH�DFWLRQV�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV�

�������� 6DYDQQDK�5LYHU�:DWHUVKHG�3URMHFW

7KH�(3$�LV�FXUUHQWO\�IDFLOLWDWLQJ�D�VWXG\�RI�WKH�6DYDQQDK�5LYHU�EDVLQ�ZDWHUVKHG�
IURP�WKH�KHDGZDWHUV�LQ�1RUWK�&DUROLQD�WR�WKH�$WODQWLF�2FHDQ���,W�ZLOO�H[DPLQH
HQYLURQPHQWDO�LPSDFWV�WR�WKH�ULYHU�DQG�LWV�WULEXWDULHV��DV�ZHOO�DV�GHYHORS�DQ
LQWHUDJHQF\�DFWLRQ�SODQ�WR�DGGUHVV�VLJQLILFDQW�LVVXHV���3DUWLFLSDQWV�LQ�WKH�SURMHFW
LQFOXGH�D�EURDG�VSHFWUXP�RI�IHGHUDO��VWDWH��DQG�ORFDO�DJHQFLHV�DQG�LQWHUHVW�JURXSV��
:LWK�VWDWH�DVVLVWDQFH��(3$�LV�GHYHORSLQJ�DQG�ZLOO�LPSOHPHQW�D�PRQLWRULQJ�SODQ�IRU
WKH�EDVLQ�WKDW�ZLOO�DVVHVV�WKH�FRQGLWLRQ�RI�EDVLQ�UHVRXUFHV�ZLWK�D�NQRZQ�VWDWLVWLFDO
FRQILGHQFH���$�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP�LV�DOVR�EHLQJ�GHYHORSHG�ZLWK�SURMHFW
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SDUWLFLSDQWV�WR�VHUYH�DV�D�EDVLQ�ZLGH�PDQDJHPHQW�WRRO���$�EDVHOLQH�DVVHVVPHQW�RI��
EDVLQ�UHVRXUFH�DUHDV�ZDV�GHYHORSHG�ZLWK�SURMHFW�SDUWLFLSDQWV���7KHVH�DVVHVVPHQWV
VHUYH�DV�WKH�EDVLV�RI�WKH�,QLWLDO�:DWHUVKHG�$VVHVVPHQW�DQG�3ULRULWL]DWLRQ�3ODQ
�:$33��UHSRUW��ZKLFK�ZDV�FRPSOHWHG�LQ�6HSWHPEHU��������7KH�:$33�LGHQWLILHV�DQG
SULRULWL]HV�ZDWHUVKHG�LPSDLUPHQWV�DQG�UHFRPPHQGV�DSSURSULDWH�VROXWLRQV���7KH
WRWDO�VWXG\�LV�LQ�LWV�LQLWLDO�VWDJHV�DQG�WKH�:$33�ZLOO�VHUYH�DV�D�EDVLV�IRU�IXWXUH�HIIRUWV
RQ�GHYHORSPHQW�RI�D�ZDWHUVKHG�VWUDWHJ\�

�������� 6WULSHG�%DVV�6WXG\

7KH�6DYDQQDK�'LVWULFW�86$&(�LV�IXQGLQJ�D���\HDU�VWXG\�RI�WKH�WHPSRUDO�DQG�VSDWLDO
GLVWULEXWLRQ�RI�VWULSHG�EDVV�HJJV�DQG�ODUYDH�LQ�6DYDQQDK�+DUERU���7KH�VWXG\�ZDV
VWDUWHG�LQ������DQG�LV�EHLQJ�SHUIRUPHG�E\�WKH�1DWLRQDO�%LRORJLFDO�6XUYH\���7KH�VWXG\
VKRXOG�SURYLGH�LQIRUPDWLRQ�RQ�ZKDW�HVWXDULQH�ORFDWLRQV�DQG�WLPH�SHULRGV�DUH�FULWLFDO
IRU�WKH�PRVW�VHQVLWLYH�VWDJHV�RI�WKLV�LPSRUWDQW�HVWXDULQH�ILVK���7KH�LQIRUPDWLRQ�DQG
ILQGLQJV�ZLOO�EH�SURYLGHG�WR�WKH�*$�'15�IRU�LWV�FRQVLGHUDWLRQ�LQ�UHJDUG�WR�WKH
DSSURSULDWHQHVV�RI�WKH�6DYDQQDK�+DUERU�GUHGJLQJ�H[FOXVLRQ�ZLQGRZ�SODFHG�LQ�WKHLU
:DWHU�4XDOLW\�&HUWLILFDWLRQ�WR�SURWHFW�WKLV�VSHFLHV�

���� 3UHYLRXV�(QYLURQPHQWDO�5HYLHZ

7KH�SUHYLRXV�KDUERU�GHHSHQLQJ�ZKLFK�ZDV�FRPSOHWHG�LQ������ZDV�DFFRPSDQLHG�E\
DQ�(,6�WKDW�ZDV�VXEPLWWHG�LQ��������7KH�VHOHFWHG�SODQ�ZDV�WKH�GHHSHQLQJ�RI�WKH
6DYDQQDK�+DUERU�QDYLJDWLRQ�FKDQQHO�WR�D�GHSWK�RI�����IHHW�0/:�IURP�WKH�RFHDQ�WR
6WDWLRQ����������50��������LQFOXGLQJ�.,7%���7KH�(,6�FRQFOXGHG�WKDW�WKHUH�ZRXOG�EH
QR�VLJQLILFDQW�LPSDFW�RQ�WKH�6:15�RU�RQ�WKH�VWULSHG�EDVV�UHFRYHU\�HIIRUWV�LQ�WKH
%DFN�DQG�0LGGOH�5LYHUV���7KH�XQLPSRXQGHG�PDUVKHV�DW�WKH�61:5�DERYH�*HRUJLD
+LJKZD\����ZRXOG�H[SHULHQFH�D���WR�����SSW�PD[LPXP�LQFUHDVH�LQ�VDOLQLW\�DERYH
*HRUJLD�+LJKZD\�����DQG���WR������SSW�PD[LPXP�LQFUHDVH�EHORZ�WKDW�KLJKZD\��
0LWLJDWLRQ�LQFOXGHG�WKH�GHFRPPLVVLRQLQJ�RI�WKH�WLGH�JDWH�

7KH�/706��������ZDV�DOVR�DFFRPSDQLHG�ZLWK�DQ�(,6�WKDW�VWXGLHG�WKH�SRWHQWLDO
LPSDFWV�RI�FKDQQHO�PDLQWHQDQFH�GUHGJLQJ�DQG�ORQJ�WHUP�GUHGJHG�PDWHULDO
PDQDJHPHQW���$IWHU�SXEOLF�UHYLHZ�RI�WKLV�GRFXPHQW��WKH�(,6�ZDV�ILQDOL]HG���$
5HFRUG�RI�'HFLVLRQ�ZDV�LVVXHG�GRFXPHQWLQJ�WKH�ILQDO�GHFLVLRQV�PDGH�RQ�WKH�/706
6WXG\�DQG�RXWOLQLQJ�KRZ�WKH�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�ZRXOG�EH
RSHUDWHG�DQG�PDLQWDLQHG�

���� )XWXUH�&RQGLWLRQV�:LWKRXW�WKH�3URMHFW

������ (QYLURQPHQW

(QYLURQPHQWDO�LPSDFWV�VLPLODU�WR�WKRVH�SUHVHQWO\�H[SHULHQFHG�DUH�H[SHFWHG�ZLWK
FRQWLQXHG�RSHUDWLRQ�RI�WKH�KDUERU���7HPSRUDU\�GHVWUXFWLRQ�RI�WKH�KDELWDW�IRU
HVWXDULQH�DQLPDOV�WKDW�DUH�IRXQG�LQ�WKH�VHGLPHQWV��SULPDULO\�ZRUPV�DQG�RWKHU
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LQYHUWHEUDWHV��ZRXOG�FRQWLQXH�ZLWK�PDLQWHQDQFH�GUHGJLQJ���7KLV�LPSDFW�ZRXOG�EH
DPHOLRUDWHG�DV�QHDUE\�SLRQHHU�VSHFLHV�LQYDGH�WKH�QHZ�KDELWDW�DQG�UHHVWDEOLVK
SRSXODWLRQV�

6HGLPHQWV�WKDW�DUH�URXWLQHO\�UHPRYHG�IURP�WKH�FKDQQHO�IRU�PDLQWHQDQFH�ZRXOG�EH
UHORFDWHG�WR�WKH�SUHVHQW�GLVSRVDO�DUHDV���,PSDFWV�WKDW�KDYH�RFFXUUHG�DV�D�UHVXOW�RI
SUHYLRXV�DQG�FRQWLQXLQJ�GLVSRVDO�RSHUDWLRQV�ZRXOG�FRQWLQXH���+DELWDW�WKDW�KDV�EHHQ
DOWHUHG�LQ�WKH�GLVSRVDO�DUHDV�GXULQJ�SDVW�GUHGJLQJ�ZRXOG�EH�FRYHUHG�DQG�ORVW�WR�WKH
VSHFLHV�RI�WKH�DUHD���1HZ�LQGLYLGXDOV�ZRXOG�EH�H[SHFWHG�WR�UH�FRORQL]H�WKH�QHZO\
H[SRVHG�KDELWDW�

,PSDFWV�IURP�WKH�ZHLU�HIIOXHQW�IURP�H[LVWLQJ�&')V�ZRXOG�EH�H[SHFWHG�WR�FRQWLQXH
GXULQJ�WKH�SHULRGLF�GUHGJLQJ�F\FOHV���6SHFLHV�RI�ILVK�DQG�RWKHU�HVWXDULQH�OLIH�WKDW�XVH
KDELWDW�DGMDFHQW�WR�WKH�ZHLUV�ZKHQ�QR�GLVFKDUJHV�DUH�RFFXUULQJ�PD\�OHDYH�WKH�DUHD
ZKHQ�WKH�ZHLUV�DUH�XVHG��DQG�UHWXUQ�DJDLQ�ZKHQ�GLVFKDUJHV�FHDVH�

0RVW�RI�WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�WKH�DUHD�DUH�QRW�H[SHFWHG�WR�FKDQJH
VLJQLILFDQWO\�GXULQJ�WKH����\HDU�SHULRG�RI�DQDO\VLV���6LQFH�WKH�K\GURG\QDPLFV�RI�WKH
H[LVWLQJ�FKDQQHO�ZLOO�QRW�FKDQJH��VDOLQLW\�DQG�'2�FRQGLWLRQV��ZKLFK�YDU\�JUHDWO\
ZLWK�WKH�WLGHV�DQG�IUHVK�ZDWHU�IORZV��ZLOO�UHPDLQ�DV�WKH\�DUH���7KHUHIRUH��DTXDWLF
KDELWDWV�VKRXOG�UHPDLQ�UHODWLYHO\�VWDEOH���(IIRUWV�DUH�FXUUHQWO\�XQGHUZD\�WR�UHVWRUH
VWULSHG�EDVV�VSDZQLQJ�LQ�WKH�%DFN�DQG�0LGGOH�5LYHUV���

6RPH�RI�WKH�PDUVK�YHJHWDWLRQ�DORQJ�WKH�0LGGOH�DQG�%DFN�5LYHUV�PD\�FKDQJH�WR
VRPH�GHJUHH�LQ�UHVSRQVH�WR�WKH�ORZHU�VDOLQLWLHV�WKDW�UHVXOWHG�IURP�WKH�GLVFRQWLQXHG
XVH�RI�WKH�WLGH�JDWH���7KLV�ZRXOG�UHVXOW�LQ�FRQWLQXHG�H[SDQVLRQ�RI�IUHVKZDWHU
YHJHWDWLRQ�LQWR�GRZQVWUHDP�ORFDWLRQV���7KH�WRWDO�DUHDO�H[WHQW�RI�PDUVKHV�PD\
GHFUHDVH�VOLJKWO\�WKURXJKRXW�WKH�6DYDQQDK�+DUERU�DV�PDQ�FRQWLQXHV�WR�GHYHORS
DORQJ�WKH�HGJHV�RI�WKH�PDUVK�

$�FRQFHUQ�H[LVWV�WKDW�GHHSHQLQJ�WKH�6DYDQQDK�+DUERU�PLJKW�EUHDFK�WKH�SRWDEOH
)ORULGDQ�DTXLIHU���,QIRUPDWLRQ�WKDW�ZDV�JDWKHUHG�LQ�VWXGLHV�������������WR�GHWHUPLQH
WKH�LPSDFWV�RI�KDUERU�GHHSHQLQJ�RQ�WKH�)ORULGDQ�DTXLIHU��VKRZHG�WKDW�WKH�VWUDWXP
EHDULQJ�WKH�GULQNLQJ�ZDWHU�DTXLIHU�ZRXOG�QRW�EH�LPSDFWHG�E\�PDLQWHQDQFH�RI
FKDQQHO�GHSWKV�LQ�WKH�DXWKRUL]HG�SURMHFW���7KHVH�ILHOG�VWXGLHV�IRXQG�WKDW�PRUH�WKDQ
���IHHW�VHSDUDWH�WKH�ERWWRP�RI�WKH�GHHSHVW�DXWKRUL]HG�H[FDYDWLRQ�IURP�WKH�WRS�RI�WKDW
ZDWHU�EHDULQJ�OD\HU���%UHDFKLQJ�RI�WKLV�VWUDWXP�ZRXOG�UHTXLUH�GUHGJLQJ�WKH�KDUERU�WR
�����IHHW�0/:���%DVHG�RQ�WKLV�LQIRUPDWLRQ��QR�LPSDFW�LV�H[SHFWHG�

7KH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�DUHD�KDV�SUHYLRXVO\�EHHQ
VXUYH\HG�IRU�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV���2QO\���PDMRU�UHVRXUFHV��WKH�&�6�6�
*HRUJLD�DQG�2OG�)RUW�-DFNVRQ��DUH�SUHVHQWO\�DIIHFWHG�E\�WKH�1DYLJDWLRQ�3URMHFW��
02$V�DUH�LQ�ILQDO�SUHSDUDWLRQ�IRU�LGHQWLI\LQJ�DQG�PLWLJDWLQJ�WKH�HIIHFW�RI�WKH
H[LVWLQJ�SURMHFW�XSRQ�WKHVH�UHVRXUFHV�
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�������� 'UHGJHG�0DWHULDO�'LVSRVDO�$UHDV

�������� ,QQHU�+DUERU

7KH�:LWKRXW�3URMHFW�$OWHUQDWLYH�ZLOO�UHTXLUH�FRQWLQXDWLRQ�RI�WKH�DQQXDO�PDLQWHQDQFH
GUHGJLQJ�SURJUDP���8SODQG�VLWHV�DUH�XVHG�IRU�SODFHPHQW�RI�WKH�PDWHULDO�H[FDYDWHG
IURP�WKH�LQQHU�KDUERU�FKDQQHO�GXULQJ�PDLQWHQDQFH�RSHUDWLRQV���)LJXUH�����VKRZV�WKH
GLVSRVDO�IDFLOLWLHV�WKDW�DUH�FXUUHQWO\�XVHG�IRU�SODFHPHQW�RI�LQQHU�KDUERU�VHGLPHQWV��
7KH�/706�GHVFULEHG�WKH�SODQV�IRU�IXWXUH�XVH�RI�WKHVH�VLWHV�IRU�GHSRVLWLRQ�RI
PDLQWHQDQFH�PDWHULDOV���7KRVH�SODQV�ZRXOG�EH�LPSOHPHQWHG�LQ�WKH�:LWKRXW�3URMHFW
$OWHUQDWLYH�

2SHUDWLRQ�RI�WKH�&')V�ZRXOG�FRQWLQXH�WR�EH�PDQDJHG�DURXQG�WKH�SRWHQWLDO�IRU�D
GHOD\�LQ�LQLWLDWLQJ�ZRUN�DV�D�UHVXOW�RI�WKH�SURWHFWLRQ�WKDW�PXVW�EH�SURYLGHG�WR�QHVWLQJ
PLJUDWRU\�ELUGV���1HVWLQJ�PLJUDWRU\�ELUGV�UHFHLYH�SURWHFWLRQ�XQGHU�WKH�0LJUDWRU\
%LUG�7UHDW\�$FW���8QGHU�WKDW�$FW��QHVWV��HJJV��RU�LQGLYLGXDO�ELUGV�FDQQRW�EH�GHVWUR\HG
XQOHVV�D�GHSUHGDWLRQ�SHUPLW�LV�REWDLQHG�IURP�WKH�86):6���6RPH�VSHFLHV�RI
PLJUDWRU\�ELUGV�GR�QHVW�LQ�WKH�6DYDQQDK�+DUERU�&')V�DQG�FRXOG�EH�LPSDFWHG�ZKHQ
GLVSRVDO�RSHUDWLRQV�IORRG�WKH�LQWHULRU�RI�WKH�GLVSRVDO�VLWHV���2QFH�WKH�DUHD�LV�IORRGHG�
QHVWLQJ�VLWHV�RQ�WKH�IORRU�RI�WKH�DUHD�DUH�QRW�DYDLODEOH�DQG�GLVSRVDO�RSHUDWLRQV�ZRXOG
QRW�LPSDFW�QHVWLQJ�PLJUDWRU\�ELUGV���'XH�WR�WKH�OHDG�WLPH�UHVXOWLQJ�IURP�UHTXLUHG
FRQWUDFWLQJ�SURFHGXUHV��SUHFLVH�WLPLQJ�RI�WKH�LQLWLDWLRQ�RI�D�GLVSRVDO�RSHUDWLRQ�LV
JHQHUDOO\�QRW�DYDLODEOH���7KHUHIRUH��VRPH�GHJUHH�RI�XQFHUWDLQW\�RIWHQ�H[LVWV�ZKHQ
GLVSRVDO�RSHUDWLRQV�DUH�VFKHGXOHG�IRU�WKH�GLVSRVDO�DUHDV�GXULQJ�WKH�0D\�WKURXJK
$XJXVW�QHVWLQJ�VHDVRQ���7KDW�XQFHUWDLQW\�LV�H[SHFWHG�WR�FRQWLQXH�WKURXJKRXW�WKH����
\HDU�SURMHFW�OLIH�

7KH�GLNHV�RI�WKH�&')V�DUH�SHULRGLFDOO\�UDLVHG�WR�LQFUHDVH�WKH�VWRUDJH�FDSDFLW\�RI�WKH
VLWHV���:LWK�WKH�FRQWLQXDWLRQ�RI�WKDW�SUDFWLFH��DOO�GLVSRVDO�DUHDV�H[FHSW�'LVSRVDO�$UHD
�$�KDYH�D�UHPDLQLQJ�OLIH�WKDW�H[WHQGV�EH\RQG�WKLV�VWXG\
V����\HDU�SHULRG�RI�DQDO\VLV�

&KDWKDP�&RXQW\�ZLOO�VRRQ�EHJLQ�FRQVWUXFWLRQ�RI�GLNHV�DW�'LVSRVDO�$UHD���$���7KH
HQYLURQPHQWDO�LPSDFWV�RI�WKDW�ZRUN�ZHUH�UHYLHZHG�LQ�WKH�/706�(,6���7KH�PLWLJDWLRQ
UHTXLUHG�DV�FRPSHQVDWLRQ�IRU�WKH�ZHWODQG�LPSDFWV�RI�WKDW�ZRUN�ZLOO�EH�LPSOHPHQWHG
SULRU�WR�WKDW�&')�EHLQJ�SODFHG�LQWR�VHUYLFH�

1R�RWKHU�PDMRU�FKDQJHV�LQ�WKH�XVH�RI�H[LVWLQJ�XQGLNHG�GLVSRVDO�VLWHV�DUH�H[SHFWHG��
7KH�SRVLWLRQ�RI�WKH�6&�'+(&�2&50�WKDW�DOO�GUHGJHG�PDWHULDO�GLVSRVDO�VLWHV�VKRXOG
EH�FRQILQHG��GLNHG���WR�PLQLPL]H�LPSDFWV�WR�DGMDFHQW�PDUVKHV��LV�H[SHFWHG�WR�UHPDLQ
WKURXJKRXW�WKH�VWXG\�SHULRG�

�������� (QWUDQFH�&KDQQHO

6HGLPHQWV�UHPRYHG�HDFK�\HDU�IURP�WKH�(QWUDQFH�&KDQQHO�DUH�W\SLFDOO\�SODFHG�DW�WKH
6DYDQQDK�2'0'6���7KH�VLWH�LV�ORFDWHG�DERXW�����QDXWLFDO�PLOHV�RIIVKRUH�LQ����WR���
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IHHW�RI�ZDWHU���0DWHULDO�JHQHUDOO\�PLJUDWHV�IURP�WKH�VLWH��EHFDXVH�QR�VLJQLILFDQW
DFFXPXODWLRQ�KDV�EHHQ�HYLGHQW�HYHQ�DOWKRXJK�WKH�VLWH�KDV�EHHQ�XVHG�IRU�WKH�ODVW���
\HDUV���7KH�6DYDQQDK�2'0'6�LV�H[SHFWHG�WR�EH�XVHG�DQG�WR�KDYH�VXIILFLHQW�FDSDFLW\
IRU�VXFK�XVH�WKURXJKRXW�WKH����\HDU�SHULRG�RI�DQDO\VLV���0DQDJHPHQW�RI�WKH�2'0'6
ZLOO�IROORZ�WKH�SURFHGXUHV�GHVFULEHG�LQ�WKH�6LWH�0DQDJHPHQW�3ODQ�VLJQHG�E\�WKH
(3$�DQG�6DYDQQDK�'LVWULFW�86$&(�LQ��������7KDW�SODQ�LV�LQFOXGHG�LQ�(QFORVXUH�'�RI
WKLV�(,6�

7KH�/706�(,6�HYDOXDWHG�VHYHUDO�DOWHUQDWLYHV�IRU�GHSRVLWLRQ�RI�D�SRUWLRQ�RI�WKH
(QWUDQFH�&KDQQHO�PDLQWHQDQFH�VHGLPHQWV���:LWK�HLWKHU�WKH�:LWKRXW�3URMHFW
$OWHUQDWLYH�RU�WKH�SURSRVHG�KDUERU�GHHSHQLQJ�DOWHUQDWLYHV��WKH�DJJUHJDWHG�RSWLRQ
VHOHFWHG�E\�WKH�/706�ZRXOG�FRQWLQXH�WR�EH�HPSOR\HG�IRU�SODFHPHQW�RI�WKRVH
PDLQWHQDQFH�VHGLPHQWV���7KH�QHDUVKRUH�DOWHUQDWLYHV�LQFOXGHG�QHDUVKRUH�VXEPHUJHG
EHUPV��D�ELUG�LVODQG�RII�7XUWOH�,VODQG��D�QHDUVKRUH�IHHGHU�EHUP��DQG�EHDFK
QRXULVKPHQW�
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�� (QYLURQPHQWDO�&RQVHTXHQFHV

��� (QYLURQPHQWDO�(IIHFWV�RI�'UHGJHG�0DWHULDO�0DQDJHPHQW�$OWHUQDWLYHV

5HJXODWLRQ�RI�GUHGJHG�PDWHULDO�SODFHPHQW�ZLWKLQ�ZDWHUV�RI�WKH�8QLWHG�6WDWHV�DQG
RFHDQ�ZDWHUV�LV�D�FRPSOH[�LVVXH�DQG�LV�WKH�VKDUHG�UHVSRQVLELOLW\�RI�WKH�(3$�DQG�WKH
86$&(����7KH�SULPDU\�IHGHUDO�HQYLURQPHQWDO�VWDWXWH�JRYHUQLQJ�WUDQVSRUWDWLRQ�RI
GUHGJHG�PDWHULDO�WR�WKH�RFHDQ�IRU�WKH�SXUSRVH�RI�GLVSRVDO�LV�WKH�0DULQH�3URWHFWLRQ�
5HVHDUFK��DQG�6DQFWXDULHV�$FW��0356$��RU�WKH�2FHDQ�'XPSLQJ�$FW����7KH�SULPDU\
IHGHUDO�HQYLURQPHQWDO�VWDWXWH�JRYHUQLQJ�WKH�GLVFKDUJH�RI�GUHGJHG�RU�ILOO�PDWHULDO
LQWR�ZDWHUV�RI�WKH�8QLWHG�6WDWHV��LQODQG�RI�DQG�LQFOXGLQJ�WKH�WHUULWRULDO�VHD��LV�WKH
)HGHUDO�:DWHU�3ROOXWLRQ�&RQWURO�$FW�$PHQGPHQWV�RI������ZKLFK�LV�DOVR�FDOOHG�WKH
&OHDQ�:DWHU�$FW��&:$�����$OO�SURSRVHG�GUHGJHG�PDWHULDO�GLVSRVDO�DFWLYLWLHV
UHJXODWHG�E\�0356$�DQG�&:$�PXVW�DOVR�FRPSO\�ZLWK�WKH�DSSOLFDEOH�UHTXLUHPHQWV
RI�WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�$FW��1(3$��DQG�LWV�LPSOHPHQWLQJ�UHJXODWLRQV�
��,Q�DGGLWLRQ�WR�0356$��&:$��DQG�1(3$��D�QXPEHU�RI�RWKHU�IHGHUDO�ODZV��([HFXWLYH
RUGHUV��HWF��PXVW�DOVR�EH�FRQVLGHUHG�LQ�WKH�HYDOXDWLRQ�RI�GUHGJLQJ�SURMHFWV���

7R�PHHW�WKH�FRPSOH[�OHJLVODWLYH�GHPDQGV�IRU�GUHGJHG�PDWHULDO�HYDOXDWLRQV��WKH
86$&(�DQG�WKH�(3$�MRLQWO\�SXEOLVK�D�VHULHV�RI�JXLGDQFH�GRFXPHQWV�WR�DVVLVW�LQ�DQ
HQYLURQPHQWDO�HIIHFWV�HYDOXDWLRQ�RI�GUHGJLQJ�SURMHFWV�DQG�GUHGJHG�PDWHULDO
PDQDJHPHQW�DOWHUQDWLYHV����7KHVH�GRFXPHQWV�LQFOXGH�WKH�IROORZLQJ�

• (YDOXDWLQJ�(QYLURQPHQWDO�(IIHFWV�RI�'UHGJHG�0DWHULDO�0DQDJHPHQW�$OWHUQDWLYHV³
$�7HFKQLFDO�)UDPHZRUN��7KH�)UDPHZRUN�'RFXPHQW��(3$�86$&(�������

• (YDOXDWLRQ�'UHGJHG�0DWHULDO�3URSRVHG�IRU�2FHDQ�'LVSRVDO��7KH�*UHHQ�%RRN�
�(3$�86$&(�������

• (YDOXDWLRQ�RI�'UHGJHG�0DWHULDO�3URSRVHG�IRU�'LVFKDUJH�LQ�:DWHUV�RI�WKH�8��6�³
7HVWLQJ�0DQXDO��,70���(3$�86$&(�������

• 4$�4&�*XLGDQFH�IRU�6DPSOLQJ�DQG�$QDO\VLV�RI�6HGLPHQWV��:DWHU��DQG�7LVVXHV�IRU
'UHGJHG�0DWHULDO�(YDOXDWLRQV���&KHPLFDO�(YDOXDWLRQV��7KH�4$�4&�0DQXDO�
�(3$�86$&(������E�

7KH�ILUVW�RI�WKHVH��WKH�)UDPHZRUN�'RFXPHQW��SURYLGHV�D�FRQVLVWHQW�IUDPHZRUN�IRU
LGHQWLI\LQJ�HQYLURQPHQWDOO\�DFFHSWDEOH�GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV
WKDW�PHHW�WKH�VXEVWDQWLYH�DQG�SURFHGXUDO�UHTXLUHPHQWV�RI�1(3$��&:$��DQG
0356$����7KH�GRFXPHQW�SURYLGHV�D�EURDG�RYHUYLHZ�RI�GUHGJLQJ�RSHUDWLRQV�DQG
GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV����7KHVH�DOWHUQDWLYHV�DUH�GLYLGHG�LQWR��
FDWHJRULHV�������RSHQ�ZDWHU�GLVSRVDO������FRQILQHG�GLVSRVDO��DQG�����EHQHILFLDO�XVH���
7KH�*UHHQ�%RRN�DQG�WKH�,70�SURYLGH�JXLGDQFH�IRU�WKH�WHVWLQJ�RI�GUHGJHG�PDWHULDOV
WR�SURYLGH�WKH�QHFHVVDU\�LQIRUPDWLRQ�WR�SURSHUO\�FRQGXFW�WKH�DOWHUQDWLYHV
HYDOXDWLRQ����%RWK�DUH�SULPDULO\�FRQFHUQHG�ZLWK�RSHQ�ZDWHU�GLVSRVDO��EXW�JXLGDQFH
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WRZDUG�RWKHU�DOWHUQDWLYHV�LV�DOVR�JLYHQ����7KH�*UHHQ�%RRN�SURYLGHV�WKH�WHVWLQJ�DQG
HYDOXDWLRQ�SURFHGXUH�IRU�0356$��DQG�WKH�,70�IRU�&:$�

)RU�WKH�6DYDQQDK�+DUERU�GHHSHQLQJ�SURSRVDOV��DOO�GUHGJHG�PDWHULDO�PDQDJHPHQW
DOWHUQDWLYHV�DUH�UHJXODWHG�XQGHU�&:$�H[FHSW�WKH�GLVSRVDO�RI�PDWHULDO�LQ�WKH�(3$�
DSSURYHG�2'0'6��ZKLFK�LV�UHJXODWHG�XQGHU�0356$�

7KH�4$�4&�0DQXDO�SURYLGHV�SURJUDPPDWLF�DQG�WHFKQLFDO�JXLGDQFH�RQ�TXDOLW\
DVVXUDQFH�DQG�TXDOLW\�FRQWURO��4$�4&��LVVXHV�UHODWHG�WR�GUHGJHG�PDWHULDO
HYDOXDWLRQV����7KLV�GRFXPHQW�VHUYHV�DV�D�FRPSDQLRQ�WR�WKH�,70�DQG�WKH�*UHHQ�%RRN�
��,WV�VWDWHG�SXUSRVH�LV�WR�����SURYLGH�JXLGDQFH�RQ�WKH�GHYHORSPHQW�RI�TXDOLW\
DVVXUDQFH�SURMHFW�SODQV�IRU�HQVXULQJ�WKH�UHOLDELOLW\�RI�GDWD�JDWKHUHG�WR�HYDOXDWH
GUHGJHG�PDWHULDO�SURSRVHG�IRU�GLVFKDUJH�XQGHU�0356$�DQG�&:$������WR�RXWOLQH
SURFHGXUHV�WKDW�VKRXOG�EH�IROORZHG�ZKHQ�VDPSOLQJ�DQG�DQDO\]LQJ�VHGLPHQWV��ZDWHU�
DQG�WLVVXHV��DQG�����WR�SURYLGH�UHFRPPHQGHG�WDUJHW�GHWHFWLRQ�OLPLWV��7'/V��IRU
FKHPLFDOV�RI�FRQFHUQ�

5HJLRQDO�,PSOHPHQWDWLRQ�RI�WKHVH�QDWLRQDO�JXLGDQFH�GRFXPHQWV�LV�SURYLGHG�E\�WKH
5HJLRQDO�,PSOHPHQWDWLRQ�0DQXDO���5HTXLUHPHQWV�DQG�3URFHGXUHV�IRU�(YDOXDWLRQ�RI
2FHDQ�'LVSRVDO�RI�'UHGJHG�0DWHULDO�LQ�6RXWKHDVWHUQ�$WODQWLF�DQG�*XOI�&RDVWDO
:DWHUV��5,0��IRU�HYDOXDWLRQV�XQGHU�0356$����1R�RIILFLDO�(3$�UHJLRQDO
LPSOHPHQWDWLRQ�GRFXPHQW�H[LVWV�IRU�HYDOXDWLRQV�XQGHU�&:$��WKH�PRVW�FXUUHQW
JXLGDQFH�LV�SURYLGHG�LQ�D�GRFXPHQW�FDOOHG�WKH�6DYDQQDK�+DUERU�62:��&(6$6�3'�
(��������SUHSDUHG�E\�WKH�6DYDQQDK�'LVWULFW�86$&(�

7KH�VDPSOLQJ�DQG�DQDO\VLV�SODQ��6$3��IRU�WKLV�SURMHFW�FRQVLGHUHG�WKH�SURFHGXUHV�DQG
JXLGDQFH�SURYLGHG�E\�WKHVH�GRFXPHQWV����3K\VLFDO�DQG�FKHPLFDO�GDWD�ZHUH�FROOHFWHG
LQ�1RYHPEHU������RQ�ERWK�WKH�QHZ�ZRUN��1:��DQG�RSHUDWLRQ�DQG�PDLQWHQDQFH
�2	0��VHGLPHQWV�VR�WKDW�D�ZLGH�UDQJH�RI�GUHGJHG�PDWHULDO�PDQDJHPHQW
DOWHUQDWLYHV�FRXOG�EH�FRQVLGHUHG�DQG�SURSHUO\�LPSOHPHQWHG��7KH�GHWDLOV�DQG�UHVXOWV
RI�WKLV�HIIRUW�DUH�FRQWDLQHG�LQ�D�VHSDUDWH�UHSRUW�SUHSDUHG�E\�$70�WLWOHG�'UHGJHG
0DWHULDO�(QYLURQPHQWDO�(IIHFWV�(YDOXDWLRQ�

����� �:LWKRXW�3URMHFW�$OWHUQDWLYH

7KH�:LWKRXW�3URMHFW�$OWHUQDWLYH�LV�WKH�EDVHOLQH�DJDLQVW�ZKLFK�WKH�DOWHUQDWLYHV�ZHUH
FRPSDUHG����,Q�WKH�FDVH�RI�GUHGJHG�PDWHULDO�PDQDJHPHQW��WKH�LVVXHV�DUH�VRPHZKDW
FRPSOLFDWHG�E\�WKH�QHHG�IRU�FRQWLQXHG�PDLQWHQDQFH�RI�WKH�H[LVWLQJ�DSSURYHG�KDUERU
SURMHFW����7KH�:LWKRXW�3URMHFW�$OWHUQDWLYH�ZRXOG�HQWDLO�WKH�1DYLJDWLRQ�3URMHFW·V
FRQWLQXHG�RSHUDWLRQ�XQGHU�WKH�H[LVWLQJ�HQYLURQPHQWDO�FOHDUDQFHV�IRU�WKH�DQQXDO
PDLQWHQDQFH�GUHGJHG�PDWHULDO����7KH�PDWHULDO�ZLOO�EH�PDQDJHG�DFFRUGLQJ�WR�WKH
DSSURYHG�FRPSRVLWH�DOWHUQDWLYH�VHOHFWHG�LQ�/706����7KH�6$3�LQFOXGHG�VDPSOLQJ�DQG
DQDO\VLV�RI�WKH�2	0�PDWHULDO�IRU�D�KRVW�RI�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�VR�WKDW
WKH�SRWHQWLDO�HIIHFWV�RI�WKLV�PDWHULDO�RQ�WKH�LGHQWLILHG�SDWKZD\V�RI�FRQFHUQ�FRXOG�EH
HYDOXDWHG����7KHVH�SULPDULO\�DUH�UHODWHG�WR�ZDWHU�FROXPQ�HIIHFWV�IURP�&')�UHWXUQ
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ZDWHU�DQG�DQLPDO�XSWDNH�IURP�DYLDQ�VSHFLHV�WKDW�IHHG�RQ�WHUUHVWULDO�EHQWKLF
RUJDQLVPV����7KH�:LWKRXW�3URMHFW�$OWHUQDWLYH�PXVW��WKHUHIRUH��FRQVLGHU�WKH�FRQWLQXHG
PDLQWHQDQFH�RI�WKH�KDUERU�DQG�WKH�PDQDJHPHQW�RI�WKH�DQQXDO�2	0�GUHGJHG
PDWHULDO�

7KH�LQRUJDQLF�IUDFWLRQ�RI�WKH�8SSHU�+DUERU��67$���������WR�WKH�7DOPDGJH�%ULGJH�
2	0�VHGLPHQWV�DUH�FRPSRVHG�PDLQO\�RI�VDQG�VL]HG�RU�ODUJHU�PDWHULDO�����SHUFHQW���
�7KH�FRPSRVLWHG�VDPSOH�FRQWDLQHG�DSSUR[LPDWHO\�����SHUFHQW�RUJDQLF�PDWWHU�����
SHUFHQW�72&��DQG�GRHV�QRW�LQGLFDWH�VLJQLILFDQW�HQULFKPHQW����/LNHZLVH��WKH
DOXPLQXP�QRUPDOL]DWLRQ�WRRO�LQGLFDWHG�QR�VLJQLILFDQW�PHWDOV�HQULFKPHQW���
&RPSDULVRQ�WR�DYDLODEOH�VHGLPHQW�TXDOLW\�DVVHVVPHQW�JXLGHOLQHV��64$*V��LQGLFDWHG
WKDW�EHQWKLF�HIIHFWV�DUH�XQOLNHO\�IURP�RUJDQLF�FRPSRXQGV����$OWKRXJK
�����3&''�3&')�FRPSRXQGV�ZHUH�GHWHFWHG�LQ�WKHVH�VHGLPHQWV��WKH�7%3�����7&''�7(4

ZDV�VLJQLILFDQWO\�OHVV�WKDQ�WKH�7%3��7KHRUHWLFDO�%LRDFFXPXODWLRQ�3RWHQWLDO�
FDOFXODWHG�IRU�WKH�LQVKRUH��1HZ�5LYHU��UHIHUHQFH�VLWH����(QULFKPHQW�ZDV�KRZHYHU
HYLGHQW�IURP�ERWK�WKH�EXON�FKHPLVWU\�DQG�WKH�HOXWULDWHG�FRPSRVLWH�VDPSOH�IRU�7RWDO
$PPRQLD����7KHUH�DUH�QR�*HRUJLD�:DWHU�4XDOLW\�6WDQGDUGV��*$:46��IRU�$PPRQLD�
EXW�D�PL[LQJ�]RQH�DQDO\VLV��XVLQJ�WKH�YROXPH�GLOXWLRQ�PHWKRG��UHYHDOV�WKDW�WKH�7RWDO
$PPRQLD�LQ�WKH�&')�HIIOXHQW�ZLOO�PHHW�IHGHUDO�PDULQH�:DWHU�4XDOLW\�&ULWHULD
�:4&��VKRUWO\�DIWHU�LQLWLDO�PL[LQJ�

7KH�/RZHU�+DUERU��7DOPDGJH�%ULGJH�WR�)LHOGV�&XW��LQRUJDQLF�IUDFWLRQ�LV
DSSUR[LPDWHO\����SHUFHQW�VDQG�VL]HG�RU�ODUJHU��EXW�KDV�PRUH�DOXPLQRVLOLFDWH�FOD\V
����SHUFHQW�FOD\�VL]HG������SHUFHQW�$OXPLQXP��WKDQ�WKH�8SSHU�+DUERU�FRPSRVLWH
VDPSOH����7KH�RUJDQLF�PDWWHU�FRQWHQW�LV�DSSUR[LPDWHO\�����SHUFHQW������SHUFHQW�72&�
ZKLFK�PD\�LQGLFDWH�VRPH�RUJDQLF�HQULFKPHQW����7KH�KLJKHU�ILQHV�����SHUFHQW��DQG
2UJDQLF�&DUERQV��2&��FRQWHQW�FUHDWH�D�JUHDWHU�SRWHQWLDO�IRU�FRQWDPLQDQW�DGVRUSWLRQ�
EXW�WKH�PHWDOV�LQWHUSUHWLYH�WRRO�GLG�QRW�UHYHDO�VLJQLILFDQW�HQULFKPHQW�RI�HOHPHQWV�
DQG�FRPSDULVRQ�RI�VHGLPHQW�FRQFHQWUDWLRQV�WR�DYDLODEOH�64$*V�LQGLFDWH�WKDW�EHQWKLF
HIIHFWV�DUH�XQOLNHO\�IURP�RUJDQLF�FRPSRXQGV����$V�LQ�WKH�8SSHU�+DUERU��WKH
VHGLPHQWV�FRQWDLQ������3&''�3&')�FRQJHQHUV��EXW�WKH�7%3V�DUH�OHVV�WKDQ�WKRVH
FDOFXODWHG�IRU�WKH�UHIHUHQFH����(QULFKHG�OHYHOV�RI�7RWDO�$PPRQLD�DUH�DOVR�HYLGHQW�LQ
WKH�EXON�FKHPLVWU\������SSP��DQG�LQ�WKH�HOXWULDWHG�VDPSOHV��6RXWK�&DUROLQD�:DWHU
4XDOLW\�6WDQGDUGV��6&:46��XWLOL]H�IHGHUDO�PDULQH�:4&�E\�UHIHUHQFH����7KH
FRQVHUYDWLYH�FRQFHQWUDWLRQ�RI�7RWDO�$PPRQLD�LQ�WKH�HIIOXHQW�ZDWHU��DV�SUHGLFWHG�E\
WKH�PRGLILHG�HOXWULDWH�WHVW��ZLOO�PHHW�:4&�ZLWKLQ�D�����IHHW�PL[LQJ�]RQH³DVVXPLQJ
GLVFKDUJH�WR�WKH�:ULJKW�5LYHU���%XW\OWLQ�FRPSRXQGV�ZHUH�GHWHFWHG�LQ�/RZHU�+DUERU
2	0�VHGLPHQWV��EXW�WR[LFLW\�LQIRUPDWLRQ�LV�OLPLWHG�DQG�ELRDYDLODELOLW\�GLIILFXOW�WR
GHWHUPLQH���)XUWKHU�FRRUGLQDWLRQ�ZLOO�FRQWLQXH�ZLWK�86(3$�WR�GHYHORS�DQ�DGHTXDWH
PDQDJHPHQW�SODQ�IRU�WKHVH�VHGLPHQWV�

7KH�-RQHV�2\VWHUEHG��)LHOGV�&XW�WR�)RUW�3XODVNL��2	0�PDWHULDO�LV�ORZ�LQ�RUJDQLF
FRQWHQW������SHUFHQW�������SHUFHQW�2&��DQG�SUHGRPLQDQWO\�VDQG�VL]HG�RU�ODUJHU����



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

SHUFHQW�����7KH�ORZ�FDWLRQ�H[FKDQJH�FDSDFLW\�PDNHV�FRQWDPLQDQW�UHODWHG�LPSDFWV
XQOLNHO\����6HGLPHQW�$PPRQLD�FRQFHQWUDWLRQV�ZHUH�ORZ�����SSP�����7KH�PHWDOV
LQWHUSUHWLYH�WRRO�GLG�QRW�UHYHDO�VLJQLILFDQW�HQULFKPHQW����,Q�WKH�IHZ�FDVHV�ZKHUH�WKH
SUHVHQFH�RI�RUJDQLF�FRPSRXQGV�ZHUH�GHWHFWHG��DYDLODEOH�64$*V�LQGLFDWHG�WKDW
EHQWKLF�LPSDFWV�DUH�XQOLNHO\�IURP�WKLV�PDWHULDO����7%3V�FDOFXODWHG�IRU�WKH
�����3&''�3&')�FRQJHQHUV�ZHUH�PXFK�OHVV�WKDQ�WKH�PRUH�RUJDQLF�UHIHUHQFH�VLWH
DQG�ZHUH�OHVV�WKDQ���SSW������7&''�WR[LFLW\�HTXLYDOHQFH�IRU�DOO���RUJDQLVP�W\SHV�WR
ZKLFK�WKH�FRQJHQHUV�ZHUH�SDUWLWLRQHG���3RWHQWLDOO\�VLJQLILFDQW�FRQFHQWUDWLRQV�RI
%XW\OWLQ�FRPSRXQGV�ZHUH�DOVR�GHWHFWHG�LQ�WKHVH�VHGLPHQWV����6DPSOHV�IURP�WKLV
UHDFK�ZHUH�QRW�HOXWULDWHG�DQG�FRQWDPLQDQW�UHODWHG�ZDWHU�FROXPQ�HIIHFWV�DUH�XQOLNHO\
IURP�&')�HIIOXHQW�RU�DW�WKH�SRLQW�RI�GLVFKDUJH�IRU�RSHQ�ZDWHU�GLVSRVDO�

7KH�LQRUJDQLF�SRUWLRQ�RI�WKH�1HDUVKRUH�(QWUDQFH�&KDQQHO��)RUW�3XODVNL�WR
67$����������2	0�VHGLPHQWV�LV�SUHGRPLQDQWO\�VDQG�VL]HG�����SHUFHQW���RUJDQLF
FRQWHQW�LV�KLJKHU�WKDQ�H[SHFWHG������SHUFHQW�������SHUFHQW�72&���DQG�LV�SUREDEO\
HQULFKHG���7KH������3&''�3&')�FRQJHQHUV�SURGXFHG�7%3V�VLPLODU�WR�WKH�LQVKRUH
UHIHUHQFH�DQG��WKHUHIRUH��VKRXOG�QRW�UHVXOW�LQ�3&''�3&')�ELRDFFXPXODWLRQ�DERYH
EDFNJURXQG�OHYHOV����:DWHU�FROXPQ�HIIHFWV�ZHUH�HYDOXDWHG�IRU�ERWK�QHDUVKRUH
SODFHPHQW��WKH�H[LVWLQJ�DSSURYHG�EHQHILFLDO�XVH�DOWHUQDWLYH�IRU�WKLV�PDWHULDO��DQG�IRU
GLVSRVDO�LQ�WKH�2'0'6����'LUHFW�SLSHOLQH�GLVFKDUJH�RI�WKH�GUHGJHG�PDWHULDO�VOXUU\
ZDV�PRGHOHG�IRU�WKH�QHDUVKRUH�FRQGLWLRQV����7KH�SDUDPHWHU�RI�FRQFHUQ�UHTXLULQJ�WKH
JUHDWHVW�GLOXWLRQ��7RWDO�$PPRQLD��PHW�IHGHUDO�PDULQH�:4&��QR�*$�:46�DYDLODEOH
IRU�WKLV�SDUDPHWHU��ZLWKLQ����IHHW�RI�WKH�GLVFKDUJH����7KLV�PDWHULDO�ZDV�PRGHOHG�IRU
VSOLW�KXOO�EDUJH�GXPS�LQ�WKH�2'0'6�DQG�WKH�PD[LPXP�7RWDO�$PPRQLD
FRQFHQWUDWLRQV�QHYHU�ULVH�DERYH�WKH�EDFNJURXQG�EH\RQG�WKH�ERXQGDULHV�RI�WKH
2'0'6�DQG�DUH�ZLWKLQ�WKH�OLPLWV�RI�FKURQLF�IHGHUDO�PDULQH�:4&�ZLWKLQ�WKH
UHTXLUHG���KRXU�PL[LQJ�WLPH�

$V�H[SHFWHG��WKH�2IIVKRUH�5HDFK�>67$���������WR�WKH�����IHHW�0/:�FRQWRXU@�2	0
PDWHULDO�LV�SULPDULO\�VDQG�VL]HG�����SHUFHQW��DQG�FRQWDLQV�OLWWOH�RUJDQLF�FRQWHQW
������SHUFHQW�72&�����7KHUHIRUH��SRWHQWLDO�FRQWDPLQDQW�UHODWHG�HIIHFWV�IURP�WKH
GUHGJLQJ�DQG�SODFHPHQW�RI�WKLV�PDWHULDO�DUH�H[SHFWHG�WR�EH�ORZ����(OHPHQWDO�PHWDOV
ZHUH�ZLWKLQ�UDQJHV�H[SHFWHG�IRU�WKHVH�VHGLPHQWV��3$+�DQG�SKHQROLF�FRPSRXQGV
ZHUH�QRW�GHWHFWHG����7KH�SUHVHQFH�RI�D�VLQJXODU�RUJDQRFKORULQDWHG�SHVWLFLGH�ZDV
GHWHFWHG��(QGULQ�$OGHK\GH��DQ�(QGULQ�GHULYDWLYH���EXW�DW�OHVV�WKDQ��SSE�DQG�ZHOO
EHORZ�WKH�UHSRUWLQJ�OLPLW����2UJDQRWLQV�ZHUH�GHWHFWHG��EXW�DW�OHYHOV�FRPSDUDWLYHO\
ORZHU�WKDQ�WKH�1HDUVKRUH�DQG�/RZHU�+DUERU�VHGLPHQWV��:DWHU�FROXPQ�HIIHFWV�ZHUH
XQH[SHFWHG�IURP�WKH�GLVFKDUJH�RI�WKLV�PDWHULDO�WR�WKH�2'0'6�VR�WKH�PDWHULDO�ZDV
QRW�HOXWULDWHG����7KH�FRQVWLWXHQW�UHTXLULQJ�WKH�JUHDWHVW�GLOXWLRQ��=Q��XVLQJ�WKH�ZKROH
VHGLPHQW�FRQYHUVLRQ�DW�����J�/�66��66��ZDV�PRGHOHG�IRU�EDUJH�GXPS���=LQF
FRQFHQWUDWLRQV�QHYHU�ULVH�DERYH�WKH�EDFNJURXQG�EH\RQG�WKH�ERXQGDULHV�RI�WKH
2'0'6�DQG�DUH�ZLWKLQ�WKH�OLPLWV�RI�FKURQLF�IHGHUDO�PDULQH�:4&�ZLWKLQ�WKH
UHTXLUHG���KRXU�PL[LQJ�WLPH�
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7KH�HQYLURQPHQWDO�HIIHFWV�RI�GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV�DQDO\VLV
GLG�QRW�UHYHDO�DQ\�SRWHQWLDOO\�XQDFFHSWDEOH�DGYHUVH�HIIHFWV�IURP�WKH�H[FDYDWLRQ�
WUDQVSRUWDWLRQ��GLVFKDUJH��DQG�PDQDJHPHQW�RI�WKHVH�2	0�VHGLPHQWV�SURYLGHG�WKDW
LQQHU�KDUERU�2	0�VHGLPHQWV�DUH�SODFHG�LQ�DSSURYHG�+DUERU�&')V����$GGLWLRQDOO\�
WKH�1HDUVKRUH�(QWUDQFH�&KDQQHO�PDWHULDO�VKRXOG�EH�H[FDYDWHG�WRJHWKHU�ZLWK�WKH
XQGHUO\LQJ�1:�PDWHULDO�WR�HQVXUH�WKDW�WKH�EXW\OWLQ�FRPSRXQGV�DUH�QRW�DYDLODEOH
WR�EHQWKLF�RUJDQLVPV�DW�FRQFHQWUDWLRQV�WKDW�PD\�FUHDWH�DGYHUVH�HIIHFWV�

����� ([SDQVLRQ�$OWHUQDWLYHV

7KH�FRQVWUXFWLRQ�RI�DQ\�FKDQQHO�H[SDQVLRQ�SURSRVDO�RSHUDWLRQDOO\�UHTXLUHV�WKH
UHPRYDO�RI�WKH�2	0�RYHUEXUGHQ�DW�WKH�VDPH�WLPH�DV�WKH�1:�PDWHULDO�LV�H[FDYDWHG
DQG�SODFHG����7KH�DQDO\VLV�DQG�FRQFOXVLRQV�UHODWHG�DERYH�IRU�WKH�:LWKRXW�3URMHFW
$OWHUQDWLYH�DSSO\�WR�DQ\�2	0�RYHUEXUGHQ�H[FDYDWHG�WRJHWKHU�ZLWK�WKH�SURSRVHG
1:�VHGLPHQWV�

$QWKURSRJHQLF�LPSDFWV�WR�WKH�1:�VHGLPHQWV�VKRXOG�EH�PLQLPDO�EHFDXVH�WKH
PDWHULDO�XQGHUO\LQJ�WKH�H[LVWLQJ�KDUERU�SURMHFW�ZDV�ODLQ�GRZQ�E\�QDWXUDO
SURFHVVHV�ORQJ�EHIRUH�WKH�PRGHUQ�LQGXVWULDO�DJH����7KH�FRQWDPLQDQWV·�WHVWLQJ�RI�WKHVH
PDWHULDOV�ZDV�FRQGXFWHG�SULPDULO\�WR�FRQILUP�WKLV�FRQFOXVLRQ����$QWKURSRJHQLF
LPSDFWV��ZKLOH�XQH[SHFWHG��DUH�SRVVLEOH�IURP�VXFK�SDWKZD\V�DV�JURXQG�ZDWHU�DQG
GHHS�SRFNHWV��PRUH�WKDQ�����IHHW�0/:��WKDW�ZHUH�FUHDWHG�E\�QDWXUDO�RU�PDQ�PDGH
SURFHVVHV��EXW�ZHUH�QRW�PDLQWDLQHG�E\�WKH�H[LVWLQJ�K\GURG\QDPLF�V\VWHP���
$GGLWLRQDOO\��HFRORJLFDO�LPSDFWV�DUH�SRVVLEOH�IURP�RSHQLQJ�QHZ�ELRORJLFDO�SDWKZD\V
WR�QDWXUDOO\�RFFXUULQJ�WUDFH�HOHPHQW�GHSRVLWV�

7KH�FKDQQHO�GHVLJQ�DQDO\VLV��ZKLFK�XVHG�WKH�SURSRVHG�SURMHFW·V�GHVLJQ�YHVVHO�
LQGLFDWHG�WKDW�WKH�GHHSHQLQJ�SURMHFW�ZRXOG�DOVR�UHTXLUH�DGGLWLRQDO�RU�H[SDQGHG
EHQG�ZLGHQHUV����7KHVH�DUHDV��ZKLOH�YROXPHWULFDOO\�OHVV�VLJQLILFDQW�WKDQ�WKH�PDLQ
FKDQQHO��SURYLGH�WKH�JUHDWHVW�SRWHQWLDO�IRU�FRQWDPLQDWLRQ�EHFDXVH�WKH�XSSHU�SRUWLRQV
FRQWDLQ�PDWHULDO�WKDW�LV�VLPLODU�WR�WKH�KDUERU�2	0�PDWHULDO����,Q�IDFW��EHFDXVH�WKLV
PDWHULDO�KDV�QRW�EHHQ�GUHGJHG�EHIRUH��LW�PD\�FRQWDLQ�SHUVLVWHQW�FRQWDPLQDQWV�WKDW
DUH�QR�ORQJHU�SUHVHQW�LQ�VLJQLILFDQW�FRQFHQWUDWLRQV�LQ�WKH�SURMHFW�2	0�V\VWHP����(DFK
EHQG�ZLGHQHU�ZDV�UHSUHVHQWHG�E\�D�FRUH�VDPSOH�WDNHQ�IURP�WKH�ULYHUEHG�WR�WKH
PD[LPXP�SHQHWUDWLRQ�GHSWKV��

7KH�8SSHU�+DUERU�1:�PDWHULDO�LV�FRPSRVHG�SULPDULO\�RI�VLOW\��FOD\H\�0LRFHQH
VDQGV�DQG�FOD\H\��VDQG\�VLOWV�WKDW�FRQWDLQ�EHWZHHQ�����SHUFHQW�DQG���SHUFHQW�7RWDO
2UJDQLF�&DUERQV��72&�����%HQG�ZLGHQHUV�DUH�SULPDULO\�FRPSRVHG�RI�VDQG\�PDWHULDO
����SHUFHQW�WR����SHUFHQW��DERYH�WKH�0LRFHQH�GHSRVLWV����$QWKURSRJHQLF�HQULFKPHQW
RI�WKLV�1:�PDWHULDO�LV�FRQILQHG�WR�WKH�2	0�1:�LQWHUIDFH����7KH�PDWHULDO�IURP�WKLV
VWUDWD�GRHV��KRZHYHU��FRQWDLQ�QDWXUDOO\�HOHYDWHG�WUDFH�HOHPHQWV��HVSHFLDOO\�&G��&U�
0Q��1L��DQG�=Q���EXW�QRW�DW�FRQFHQWUDWLRQV�WKDW�ZRXOG�EH�H[SHFWHG�WR�FUHDWH
XQDFFHSWDEOH�DGYHUVH�LPSDFWV�RQ�EHQWKLF�RUJDQLVPV����2UJDQLF�FRQWDPLQDQWV
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�LQFOXGLQJ������3&''�3&')�FRQJHQHUV��ZHUH�UDUHO\�GHWHFWHG�LQ�WKHVH�VHGLPHQWV
DQG�2UJDQRWLQV�ZHUH�QRW�GHWHFWHG�LQ�WKH�ZLGHQHUV����:DWHU�FROXPQ�PL[LQJ�LQ�WKH
8SSHU�+DUERU�ZDV�PRGHOHG�IRU�&RSSHU��ZKLFK�ZDV�GHWHFWHG�LQ�WKH�HOXWULDWHG�EHQG
ZLGHQHUV�VDPSOH�DQG�ZDV�WKH�SDUDPHWHU�UHTXLULQJ�JUHDWHVW�GLOXWLRQ�WR�PHHW�:46���
7KH�XVH�RI�WKH�YROXPH�GLOXWLRQ�PHWKRG�IRU�PL[LQJ��XVLQJ�FRQVHUYDWLYH�LQSXWV�DQG
WRWDO�DTXHRXV�FRQFHQWUDWLRQV��VKRZHG�WKDW�&RSSHU�PHHWV�*$�:46�DIWHU�LQLWLDO
DOORZDQFH�IRU�PL[LQJ�DQG�DW�WKH�PDUJLQ�RI�D�]RQH�RI�OHVV�WKDQ����IHHW�

7KH�VDPH�0LRFHQH�GHSRVLWV�ZHUH�HQFRXQWHUHG�IRU�/RZHU�+DUERU�1:�VHGLPHQWV
ZLWK�VLPLODU�SDWWHUQV�RI�HOHYDWHG�WUDFH�HOHPHQWV����0HWDO�FRQFHQWUDWLRQV�DUH��KRZHYHU�
QRW�RI�VXIILFLHQW�PDJQLWXGH�WR�SURGXFH�SRWHQWLDOO\�WR[LF�HIIHFWV����7KLV�UHDFK
FRQWDLQV���EHQG�ZLGHQHUV����DUH�SRWHQWLDOO\�HQULFKHG�ZLWK�RUJDQLF�PDWWHU������SHUFHQW
WR�����SHUFHQW�����7KHVH�VDPH�ZLGHQHUV�KDYH�D�IDLUO\�KLJK�SHUFHQWDJH�RI�ILQHV����
SHUFHQW�WR����SHUFHQW�����7KH�DQDO\VLV�RI�WKH�EHQG�ZLGHQHU�PDWHULDO�DOVR�UHYHDOHG
HQULFKPHQW�ZLWK�RUJDQLF�FRPSRXQGV�DQG�RUJDQRPHWDOOLF�FRPSOH[HV����3RO\�
&KORULQDWHG�%XW\OWLQV��3&%V��DQG�SHVWLFLGHV�GLG�QRW�H[FHHG�DYDLODEOH�EHQWKLF�64$*V
DQG�SKHQROLF�FRPSRXQGV�ZHUH�QRW�GHWHFWHG��EXW�DW�OHDVW�RQH�RI�WKH�EHQG�ZLGHQHUV
KDG�PRUH�WKDQ���3$+�FRQFHQWUDWLRQV�DERYH�WKUHVKROG�HIIHFWV�OHYHOV��$FHQDSKWKHQH�
)OXRUHQH��3KHQDQWKUHQH��/RZ�0ROHFXODU�:HLJKW�3$+V��DQG�+LJK�0ROHFXODU�:HLJKW
3$+V�����:KLOH�QRQH�RI�WKHVH�FRQFHQWUDWLRQV�H[FHHGHG�SUREDEOH�HIIHFWV�OHYHOV��WKH
SRWHQWLDO�FRPELQHG�HIIHFWV�RI�WKHVH�H[FHHGDQFHV�ZHUH�HYDOXDWHG�XVLQJ�PHDQ�(50
TXRWLHQWV�DQG�WKH�HYDOXDWLRQ�GHWHUPLQHG�WKDW�WKH�SRWHQWLDO�IRU�KLJKO\�WR[LF�HIIHFWV�LV
ORZ��OHVV�WKDQ����SHUFHQW�����$OVR�GHWHFWHG�LQ�WKH�EHQG�ZLGHQHU�PDWHULDO�ZHUH
�����3&''�3&')�FRQJHQHUV��EXW�7%3V�ZHUH�OHVV�WKDQ�WKH�LQVKRUH�UHIHUHQFH����7KH
HOXWULDWH�UHVXOWV�IURP�WKH�/RZHU�+DUERU�VHGLPHQWV�ZHUH�H[DPLQHG�IRU�FRQVWLWXHQWV
WKDW�UHTXLUH�WKH�JUHDWHVW�GLOXWLRQ�WR�PHHW�6&�:46����&RQVHUYDWLYHO\�HVWLPDWHG��7RWDO
$PPRQLD�UHOHDVHG�IURP�WKH�EHQG�ZLGHQHU�VHGLPHQWV�GXULQJ�GUHGJLQJ�DQG
VOXUULILFDWLRQ��ZLOO�PHHW�6&�:46�DIWHU�DOORZDQFH�IRU�PL[LQJ�LQ�DSSUR[LPDWHO\����
IHHW�DORQJ�WKH�:ULJKW�5LYHU���$OO�RWKHU�FRQVWLWXHQWV�IURP�FKDQQHO�VDPSOHV��EHQG
ZLGHQHUV��DQG�2	0�PDWHULDO�ZLOO�PHHW�:46�GXULQJ�WKH�LQWHUPLWWHQW�&')�XVH
SHULRGV�DIWHU�LQLWLDO�PL[LQJ�DV�DSSURYHG�E\�6&'+(&�IRU�/706�

7KH���-RQHV�2\VWHUEHG�5HDFK�FKDQQHO�VDPSOHV�ZHUH�GLVSDUDWH�����FRPSRVHG�RI
DOPRVW����SHUFHQW�VDQG�VL]HG�RU�ODUJHU�PDWHULDO�DQG�WKH�RWKHU����SHUFHQW�ILQHV���72&
UDQJHG�IURP������SHUFHQW�WR�����SHUFHQW�LQ�WKH�ILQHU�JUDLQHG�VDPSOH����7KH�EHQG
ZLGHQHU�LQ�WKLV�UHDFK�ZDV�VLPLODU�WR�WKH�VDQG\�VDPSOH����(OHYDWHG�WUDFH�PHWDOV�ZHUH
IRXQG�LQ�WKHVH�VDPSOHV�DV�LQ�WKH���SUHYLRXV�UHDFKHV����3HVWLFLGHV��3&%V��DQG�SKHQROLF
FRPSRXQGV�ZHUH�HLWKHU�QRW�GHWHFWHG�RU�EHORZ�DYDLODEOH�WKUHVKROG�HIIHFWV�OHYHOV���
3$+V�ZHUH�HQULFKHG�LQ�WKH�ZLGHQHU�DQG�2	0�VDPSOHV�EXW�QRW�DERYH�VFUHHQLQJ
OHYHOV�HVWDEOLVKHG�LQ�WKH�HYDOXDWLRQ���7KHUHIRUH��XQDFFHSWDEOH�DGYHUVH�HIIHFWV�DUH�QRW
H[SHFWHG�WR�UHVXOW�IURP�3$+�FRPSRXQGV�DIWHU�SODFHPHQW�RI�WKHVH�VHGLPHQWV�LQ�RSHQ
ZDWHU�RU�LQ�WKH�+DUERU�&')�V\VWHP�WKDW�LV�PDQDJHG�IRU�ZLOGOLIH����7%3W3$+�ZDV
FDOFXODWHG�RQ�WKHVH�VHGLPHQWV�DV�ZHOO�LQ�DFFRUGDQFH�ZLWK������E�����JXLGDQFH
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GRFXPHQWDWLRQ����&KDQQHO�VHGLPHQWV�DQG�2	0�PDWHULDO�SURGXFHG�7%3V�IRU�1XFXOD
EHORZ�WKH�YDOXH�FDOFXODWHG�IRU�WKH�1HZ�5LYHU�UHIHUHQFH����7KH�EHQG�ZLGHQHU�PDWHULDO
SURGXFHG�D�VOLJKWO\�KLJKHU�7%3����7KHUHIRUH��3$+V�DUH�QRW�H[SHFWHG�WR�SURGXFH
XQDFFHSWDEOH�DGYHUVH�LPSDFWV�WR�DTXDWLF�RUJDQLVPV���:DWHU�FROXPQ�HIIHFWV�IURP�WKLV
DOWHUQDWLYH�DUH�QRW�H[SHFWHG�WR�YLRODWH�6&�:46�DIWHU�LQLWLDO�DOORZDQFH�IRU�PL[LQJ�

7KH�LQRUJDQLF�SRUWLRQ�RI�WKH�1HDUVKRUH�(QWUDQFH�&KDQQHO�1:�VHGLPHQWV��FKDQQHO
VDPSOHV�DQG�ZLGHQHUV��LV�SULPDULO\�VDQG�VL]HG��DSSUR[LPDWHO\����SHUFHQW��DQG
FRQWDLQV�EHWZHHQ������SHUFHQW�DQG�����SHUFHQW�RUJDQLF�FDUERQ����7KH�FKDQQHO�VDPSOHV
DSSDUHQWO\�HQFRXQWHUHG�VRPH�ROGHU�PDUVK�PXG�GHSRVLWV��RUJDQLF�HQULFKPHQW�LV
XQOLNHO\����6RPH�HOHYDWHG�&G��&U��DQG�=Q�ZHUH�HQFRXQWHUHG�LQ�WKH�FKDQQHO�VDPSOHV�
EXW�DW�ORZHU�FRQFHQWUDWLRQV�WKDQ�WKH�SUHYLRXV�UHDFKHV�DQG�QRW�DW�FRQFHQWUDWLRQV
ZHUH�WKH�DJJUHJDWH�HIIHFW�H[FHHGV�WKUHVKROG�OHYHOV����3$+V�ZHUH�QRW�GHWHFWHG�LQ
FKDQQHO�VHGLPHQWV�DQG�QRW�DERYH�DYDLODEOH�WKUHVKROG�HIIHFWV�OHYHOV�LQ�WKH�ZLGHQHUV���
6HYHUDO�3$+V�ZHUH�GHWHFWHG�LQ�WKH�2	0�PDWHULDO�DERYH�WKH�WKUHVKROG�HIIHFWV�OHYHO�
EXW�EHORZ�SUREDEOH�HIIHFWV�OHYHOV����%XW\OWLQ�FRPSRXQGV�ZHUH�DOVR�IRXQG�DERYH
VFUHHQLQJ�OHYHOV�HVWDEOLVKHG�LQ�WKH�HYDOXDWLRQ�LQ�WKH�2	0�PDWHULDO��3HVWLFLGHV��3&%V�
DQG�SKHQROLF�FRPSRXQGV�ZHUH�QRW�GHWHFWHG�DW�ODERUDWRU\�UHSRUWLQJ�OLPLWV����:DWHU
FROXPQ�HIIHFWV�ZHUH�PRGHOHG�IRU�7RWDO�$PPRQLD�LQ�WKH�2	0�PDWHULDO���7RWDO
$PPRQLD�FRQFHQWUDWLRQV�QHYHU�ULVH�DERYH�WKH�EDFNJURXQG�EH\RQG�WKH�ERXQGDULHV�RI
WKH�2'0'6�DQG�DUH�ZLWKLQ�WKH�OLPLWV�RI�FKURQLF�IHGHUDO�PDULQH�:4&�ZLWKLQ�WKH
UHTXLUHG���KRXU�PL[LQJ�WLPH���%HFDXVH�WKH�GLVSRVDO�RSHUDWLRQ�LV�WHPSRUDU\�DQG
VKRUW�WHUP��DFXWH�YDOXHV�PD\�EH�PRUH�DSSURSULDWH�IRU�XVH�LQ�RSHQ�ZDWHU�GLVSRVDO
RSHUDWLRQV�LQ�VRPH�FDVHV���,Q�WKLV�HYDOXDWLRQ��WKH�PRUH�FRQVHUYDWLYH�DQG�SURWHFWLYH
DSSURDFK�ZDV�WDNHQ��DFXWH�YDOXHV�DUH�QHYHU�H[FHHGHG�DQG�FKURQLF�YDOXHV�DUH�QRW
H[FHHGHG�ZLWKLQ�WKH���KRXU�PL[LQJ�WLPH�

&RQILUPDWRU\�VDPSOLQJ�RI�2IIVKRUH�VHGLPHQWV�ZDV�PDGH�DW���VLWHV�����DW
DSSUR[LPDWHO\�67$���������DQG���QHDU�WKH�UHFHQWO\�GHPROLVKHG�6DYDQQDK
5$&21�OLJKW�WRZHU�DW�67$������������6HGLPHQWV�ZHUH�RYHU����SHUFHQW�VDQG�DQG
FRQWDLQ�YHU\�OLWWOH�RUJDQLF�PDWHULDO����7KLV�SK\VLFDO�LQIRUPDWLRQ��WRJHWKHU�ZLWK�WKH
FKHPLFDO�WHVWV��FRQILUPV�WKDW�WKLV�PDWHULDO�LV�DQ�XQOLNHO\�VWRUH�RI�DFFXPXODWLQJ
FRQWDPLQDQWV���&DGPLXP�DQG�/0:�3$+V�ZHUH�KRZHYHU�IRXQG�LQ�WKH�VXUIDFH
VHGLPHQWV�QHDU�WKH�6DYDQQDK�5$&21�OLJKW�IURP�D�IXHO��EDWWHU\��DQG�SDLQW�ODFTXHU
VSLOO�WKDW�RFFXUUHG�LQ�1RYHPEHU��������:KLOH�WKH�3$+�FRPSRXQGV�ZHUH�QRW
HQFRXQWHUHG�LQ�FRQFHQWUDWLRQV�WKDW�DUH�QRUPDOO\�DVVRFLDWHG�ZLWK�EHQWKLF�HIIHFWV��WKH
&DGPLXP�FRQFHQWUDWLRQ�ZDV�GHWHFWHG�DERYH�SUREDEOH�HIIHFWV�OHYHO���7KH�VXUILFLDO
VHGLPHQWV�LQ�WKLV�YLFLQLW\�VKRXOG�EH�UHPRYHG�SULRU�WR�FRQVWUXFWLRQ�RI�WKH�GHHSHQLQJ
SURMHFW�WR�UHPRYH�DQ\�SRWHQWLDO�IRU�DGYHUVH�HIIHFWV�WR�PDULQH�RUJDQLVPV�LQ�DQG
DURXQG�WKH�2'0'6����7KLV�FOHDQ�XS�LV�WKH�UHVSRQVLELOLW\�RI�WKH�RSHUDWRU�RI�WKH�OLQH
WKDW�RZQV�DQG�RSHUDWHV�WKH�FRQWDLQHU�VKLS�WKDW�GHVWUR\HG�WKH�WRZHU�DQG�FDXVHG�WKH
VSLOO���,I�WKH�FRQFHUQ�LV�QRW�DGGUHVVHG�E\�WKH�VKLSSLQJ�OLQH�RU�VRPH�WKLUG�SDUW\�SULRU
WR�GHHSHQLQJ��WKH�DUHD�VXUIDFH�VHGLPHQWV�VKRXOG�EH�UH�VDPSOHG�DW�WKDW�WLPH���7KH
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IROORZLQJ�GUHGJLQJ�VFHQDULR�ZRXOG�EH�XVHG�WR�SURWHFW�EHQWKLF�RUJDQLVPV�IURP
FRQWLQXHG�H[SRVXUH�WR�WKHVH�FRQWDPLQDQWV��7KH�FRQWDPLQDWHG�VHGLPHQWV�ZRXOG�EH
UHPRYHG�E\�D�KRSSHU�GUHGJH�HDUO\�LQ�WKH�KRSSHU�GUHGJLQJ�FRQWUDFW�DQG�GHSRVLWHG�LQ
WKH�2'0'6��6HGLPHQWV�IURP�RWKHU�²�FOHDQHU�²�SRUWLRQV�RI�WKH�HQWUDQFH�FKDQQHO
ZRXOG�EH�VXEVHTXHQWO\�SODFHG�RQ�WRS�RI�WKHVH�VHGLPHQWV��UHGXFLQJ�SRWHQWLDO
H[SRVXUH�WR�EHQWKLF�RUJDQLVPV��:DWHU�FROXPQ�HIIHFWV�ZHUH�PRGHOHG�IRU�D�EDUJH
GXPS�LQ�WKH�2'0'6�XVLQJ�=LQF��WKH�FRQVWLWXHQW�WKDW�ZKHQ�HYDOXDWHG�ZLWK�WKH
ZKROH�VHGLPHQW�FRQYHUVLRQ�VFUHHQ�UHTXLUHG�WKH�JUHDWHVW�GLOXWLRQ���=LQF
FRQFHQWUDWLRQV�QHYHU�ULVH�DERYH�WKH�EDFNJURXQG�EH\RQG�WKH�ERXQGDULHV�RI�WKH
2'0'6�DQG�DUH�ZLWKLQ�WKH�OLPLWV�RI�FKURQLF�IHGHUDO�PDULQH�:4&�ZLWKLQ�WKH
UHTXLUHG���KRXU�PL[LQJ�WLPH�

7KH�HQYLURQPHQWDO�HIIHFWV�RI�GUHGJHG�PDWHULDO�PDQDJHPHQW�DOWHUQDWLYHV�DQDO\VLV
GLG�QRW�UHYHDO�DQ\�SRWHQWLDOO\�XQDFFHSWDEOH�DGYHUVH�HIIHFWV�IURP�WKH�H[FDYDWLRQ�
WUDQVSRUWDWLRQ��GLVFKDUJH��DQG�PDQDJHPHQW�RI�WKH�PDWHULDO�SURSRVHG�IRU�H[FDYDWLRQ
WR�FUHDWH�WKH�YDULRXV�+DUERU�GHHSHQLQJ�DOWHUQDWLYHV��

$GGLWLRQDO�WR�WKH�FKDQQHO�DQG�WKH�WXUQLQJ�EDVLQV��WKH�SURMHFW�LQ�WKH�8SSHU�+DUERU
ZLOO�LQFOXGH�GHHSHQLQJ�WKH�&RQWDLQHU�%HUWK���DUHD��67$����������IURP�����IHHW�0/:
WR�WKH�SURSRVHG�FKDQQHO�GHSWK����7KHVH�1:�VHGLPHQWV�DUH�UHSUHVHQWHG�E\�FRUHV
WDNHQ�DW�67$����������67$����������DQG�DW�WKH�.,7%��7LHU�,�DQG�7LHU�,,�LQIRUPDWLRQ
H[LVWV�WR�VKRZ�WKDW�WKH�1:�PDWHULDO�IURP�WKLV�DUHD�PD\�EH�VXLWDEOH�IRU�ERWK�RSHQ
ZDWHU�SODFHPHQW�RU�SODFHPHQW�LQ�WKH�&')�V\VWHP�PDQDJHG�DV�ELUG�KDELWDW��
&RQILUPDWRU\�VDPSOLQJ�RI�WKH�EHUWK�VHGLPHQWV�WR�EH�UHPRYHG�ZLOO�EH�SHUIRUPHG
SULRU�WR�GUHGJLQJ�WR�SURMHFW�GHSWK�

������� %HQHILFLDO�8VHV

7KH�EHQHILFLDO�XVH�DOWHUQDWLYHV�FRQVLGHUHG�IRU�WKH�GHHSHQLQJ�SURMHFW�LQFOXGH�GLUHFW
SODFHPHQW�RI�GUHGJHG�VHGLPHQWV�RQ�WKH�7\EHH�DQG�'DXIXVNLH�,VODQG�EHDFKHV��LQ
QHDUVKRUH�IHHGHU�EHUPV��LQ�VXEPHUJHG�EHUPV�DORQJ�WKH�(QWUDQFH�&KDQQHO��DQG�LQ�WKH
WKUHH�0LGGOH�5LYHU�FORVXUHV����7KH�HQYLURQPHQWDO�DVSHFWV�RI�WKHVH�EHQHILFLDO�XVHV�DUH
VXPPDUL]HG�EHORZ�

������� (IIHFWV�RQ�:DYHV

$Q�LPSRUWDQW�HQYLURQPHQWDO�LPSDFW�WR�EH�FRQVLGHUHG�LQ�WKH�(,6�LV�WKH�SRWHQWLDO
LPSDFW�RI�WKH�QHDUVKRUH�IHHGHU�EHUP�RQ�FRDVWDO�SURFHVVHV�DQG�FRDVWDO�HURVLRQ����7KH
FRDVWDO�SURFHVVHV�RI�FRQFHUQ�DUH�FXUUHQWV�DQG�ZDYHV���$�VLJQLILFDQW�FKDQJH�LQ�WKH
H[LVWLQJ�FXUUHQW�SDWWHUQV�RU�ZDYH�UHIUDFWLRQ�SDWWHUQV�PD\�LPSDFW�FRDVWDO�HURVLRQ�RQ
7\EHH�,VODQG���7KLV�FRQFHUQ�LV�DGGUHVVHG�LQ�GHWDLO�LQ�6HFWLRQ������$GMDFHQW�6KRUHOLQHV���

,Q�VXPPDU\��WKH�IHHGHU�EHUP�PD\�LQGXFH�FKDQJHV�WR�WKH�QHDUVKRUH�ZDYH�ILHOG����7KH
FKDQJHV�PD\�LQFOXGH�D�ZDYH�IRFXVLQJ�RQ�WKH�7\EHH�,VODQG�VKRUHOLQH����,I�WKH�IHHGHU
EHUP�LV�VHOHFWHG�DV�D�EHQHILFLDO�XVH�DOWHUQDWLYH��WKH�EHUP�ZLOO�EH�D�FDUHIXOO\
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HQJLQHHUHG�VWUXFWXUH�GHVLJQHG�WR�PD[LPL]H�EHQHILWV�DQG�PLQLPL]H�DQ\�SRWHQWLDO
ZDYH�IRFXVLQJ���7KH�QHDUVKRUH�EHUP�ZLOO�IROORZ�WKH�JXLGHOLQHV�HVWDEOLVKHG�E\�WKH�86
$UP\�:DWHUZD\V�([SHULPHQW�6WDWLRQ�

�� 'HSWK�RI�%HUP��7KH�IHHGHU�EHUP�VKRXOG�EH�SODFHG�DV�FORVH�WR�WKH�VKRUHOLQH�DV
SRVVLEOH��ZLWKLQ�FRQVWUDLQWV�RI�VDIH�QDYLJDWLRQ�RI�WKH�GUHGJH��3ODFLQJ�WKH�EHUP
FORVHU�WR�VKRUH�ZLOO�LQFUHDVH�LWV�SRWHQWLDO�WR�EUHDN�ZDYHV�DQG�SURPRWH�PRYHPHQW
RI�WKH�VHGLPHQW�IRUPLQJ�WKH�EHUP�LQWR�WKH�OLWWRUDO�]RQH��0F/HOODQ��.UDXV�DQG
%XUNH��������

�� %HUP�/HQJWK��7KH�EHUP�VKRXOG�EH�RI�VXIILFLHQW�OHQJWK�WR�DYRLG�ZDYH�IRFXVLQJ
GXH�WR�UHIUDFWLRQ���([LVWLQJ�EHUPV�KDYH�EHHQ�EXLOW�DV�VKRUW�DV�����WLPHV�WKH
DYHUDJH�LQFLGHQW�ZDYH�OHQJWK�DQG�KDYH�QRW�H[SHULHQFHG�ZDYH�IRFXVLQJ�HIIHFWV
�0F/HOODQ��.UDXV�DQG�%XUNH��������

�� %HUP�&UHVW�:LGWK��,Q�JHQHUDO��JUHDWHU�ZDYH�DWWHQXDWLRQ�LV�DFKLHYHG�E\
LQFUHDVLQJ�WKH�EHUP�FUHVW�ZLGWK���3ROORFN�DQG�$OOLVRQ��������XVHG�WKH�QXPHULFDO
PRGHO�10/21*�WR�FDOFXODWH�ZDYH�DWWHQXDWLRQ�IRU�D�VXLWH�RI�ZDYHV�DQG�EHUP
FRQILJXUDWLRQV�SODFHG�LQ����IW�ZDWHU�GHSWKV���7KH�UHVXOWV�VKRZHG�VLJQLILFDQW�ZDYH
KHLJKW�UHGXFWLRQV�E\�LQFUHDVLQJ�WKH�EHUP�FUHVW�ZLGWK�XS�WR�����IW��EXW�OLWWOH
FKDQJH�ZDV�UHDOL]HG�IRU�JUHDWHU�EHUP�FUHVW�ZLGWKV���6LQFH�WKH�EHUP�ZLOO�EH
HURGHG�DQG�UHIRUPHG�E\�ZDYH�DFWLRQ��EHUPV�PD\�QHHG�WR�EH�FRQVWUXFWHG�ZLWK
FUHVW�ZLGWKV�JUHDWHU�WKDQ�����IW�WR�SURYLGH�PD[LPXP�ZDYH�DWWHQXDWLRQ�IRU�D
ORQJHU�SHULRG�RI�WLPH�

�� %HUP�6LGH�6ORSHV��%HUP�VLGH�VORSHV�VKRXOG�EH�GHVLJQHG�WR�PLQLPL]H�UHIUDFWLRQ
WKDW�PD\�FDXVH�SRWHQWLDO�ZDYH�IRFXVLQJ�LQ�WKH�OHH�RI�WKH�EHUP���%XUNH�DQG�$OOLVRQ
�������XVHG�WKH�QXPHULFDO�ZDYH�PRGHO�5&3:$9(�WR�LQYHVWLJDWH�ZDYH
SURSDJDWLRQ�SDVW�D�JHQHULF�EHUP�FRQILJXUDWLRQ���7KH�UHVXOWV�RI�WKHLU�OLPLWHG
DQDO\VLV�VKRZHG�WKDW�QHDUVKRUH�EHUPV�ZLWK��9�RQ����+�HQG�VORSHV���9�RQ���+
LQVKRUH�VORSHV���9�RQ���+�RIIVKRUH�VORSHV��DQG�FUHVW�OHQJWKV�HTXDO�WR�RU�JUHDWHU
WKDQ�������IW�ZLOO�QRW�SURGXFH�ZDYH�IRFXVLQJ�IRU�QRQEUHDNLQJ�ZDYHV�

������� (IIHFWV�RI�6XVSHQGHG�6HGLPHQW

6XVSHQGHG�VHGLPHQW�LQ�WKH�ZDWHU�FROXPQ�KDV�WKH�SRWHQWLDO�RI�LPSDFWLQJ�DTXDWLF
RUJDQLVPV�LQ�WKH�QHDUVKRUH�HQYLURQPHQW����6XVSHQGHG�VHGLPHQWV�FDQ�KDYH�OHWKDO
HIIHFWV�RQ�YDULRXV�DTXDWLF�RUJDQLVPV�EDVHG�XSRQ�WKHLU�VSHFLHV�DQG�GHYHORSPHQWDO
VWDJHV����,Q�RUGHU�WR�HYDOXDWH�SRWHQWLDO�LPSDFWV�IURP�66�FDXVHG�E\�DOWHUQDWLYH
SODFHPHQW�RI�GUHGJH�PDWHULDO�ZLWKLQ�WKH�QHDUVKRUH�HQYLURQPHQW��PRGHOLQJ�RI
SRWHQWLDO�66�FRQFHQWUDWLRQV�ZDV�SHUIRUPHG�XVLQJ�D�PRGLILHG�YHUVLRQ�RI�WKH�&250,;
PRGHO��&RUQHOO�0L[LQJ�=RQH�����&250,;�LV�DSSURYHG�E\�WKH�(3$�DQG�LV�D�YDOLGDWHG
PRGHO�IRU�SRLQW�VRXUFH�LQLWLDO�PL[LQJ�DQG�ZDWHU�TXDOLW\�SUHGLFWLRQ��'RQHNHU�DQG
-LUND����������'�&250,;��'UHGJH�&250,;���ZKLFK�LV�WKH�PRGLILHG�YHUVLRQ�XVHG�IRU
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HYDOXDWLQJ�LPSDFWV�IURP�GUHGJH�GLVSRVDO��ZDV�XVHG�WR�HVWLPDWH�WKH�SRWHQWLDO�SOXPH
VL]H�FUHDWHG�E\�GLVFKDUJHV�IURP�K\GUDXOLF�GUHGJHV�LQ�WKH�QHDUVKRUH�SODFHPHQW�DUHDV�

0RGHO�VLPXODWLRQV�ZHUH�SHUIRUPHG�IRU�D�VXEPHUJHG�K\GUDXOLF�GUHGJH�GLVFKDUJH
ORFDWHG�LQ�WKH�DUHD�RI�D�SURSRVHG�IHHGHU�EHUP��DERXW�������IHHW�IURP�WKH�7\EHH�,VODQG
VKRUHOLQH�����,QSXW�SDUDPHWHUV�LQFOXGHG�DQ�DPELHQW�FXUUHQW�RI������IHHW�SHU�VHFRQG
�WKH�PD[LPXP�PHDVXUHG�IORRG�FXUUHQW���DQG�D�WRWDO�GLVFKDUJH�VHGLPHQW
FRQFHQWUDWLRQ�RI�����SRXQGV�SHU�FXELF�\DUG������NJ�P�����

7ZR�´ZRUVW�FDVHµ�VFHQDULRV�ZHUH�PRGHOHG�WR�HYDOXDWH�WKH�KLJKHVW�SRWHQWLDO�WXUELGLW\
LPSDFWV�ZKLFK�PLJKW�EH�LQFXUUHG�IURP�GUHGJLQJ�WKH�FOD\�DQG�VLOW�EHGV�SUHVHQW�LQ�WKH
QHZ�ZRUN�PDWHULDO���7KH�ILUVW�VFHQDULR�ZDV�EDVHG�XSRQ�WKH�DYHUDJH�JUDLQ�VL]H
GLVWULEXWLRQ�RI���VDPSOHV�IURP�WKH�(QWUDQFH�&KDQQHO�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI
ILQH�VHGLPHQWV����7KH�DQDO\VLV�RI�WXUELGLW\�LPSDFWV�IRU�WKH�VHFRQG�VFHQDULR�LV�EDVHG
XSRQ�D�UHSUHVHQWDWLYH�JUDLQ�VL]H�GLVWULEXWLRQ�RI�VHGLPHQW�VDPSOHV�FROOHFWHG�DORQJ
WKH�LQQHU�UHDFKHV�RI�WKH�(QWUDQFH�&KDQQHO��6WDWLRQ�������WR�������%��LQFOXGLQJ
WKRVH�FROOHFWHG�IURP�FOD\�DQG�VLOW�EHGV���7KHVH�VFHQDULRV�UHSUHVHQW�PD[LPXP�LPSDFW
DQDO\VHV�VLQFH�WKH\�LQFOXGH�VHGLPHQW�VDPSOHV�ZLWK�RYHU����SHUFHQW�ILQHV�

7KH�UHVXOWV�RI�WKH�PRGHOLQJ�\LHOGHG�SUHGLFWHG�SOXPH�GLPHQVLRQV�DQG�VXVSHQGHG
VHGLPHQW�FRQFHQWUDWLRQV�IRU�WKH���VFHQDULRV���7KH�UHVXOWV�RI�WKH�ILUVW�VFHQDULR�LQGLFDWH
WKDW�GUHGJLQJ�RI�WKH�FOD\�DQG�VLOW�EHGV�ZLWKLQ�WKH�FKDQQHO�FRXOG�SURGXFH�VXVSHQGHG
VROLG�FRQFHQWUDWLRQV�LQ�H[FHVV�RI�������PJ�/�RYHU�DQ�DUHD�RI�DSSUR[LPDWHO\�����
DFUHV��DQG�H[WHQGLQJ�DSSUR[LPDWHO\�������IHHW�IURP�WKH�GLVFKDUJH�SRLQW����7KLV
LPSDFW�ZRXOG�EH�WHPSRUDO�LQ�QDWXUH�VLQFH�WKLV�VFHQDULR�GRHV�QRW�DFFRXQW�IRU�PL[LQJ
RI�WKH�ILQH�JUDLQHG�VHGLPHQWV�ZLWK�RWKHU�KLJKHU�TXDOLW\�VHGLPHQWV����0RGHO�DQDO\VHV
RI�WKH�VHFRQG�VFHQDULR�SUHGLFWHG�VXVSHQGHG�VHGLPHQW�SOXPHV�LQ�H[FHVV�RI������
PJ�/�RYHU�DQ�DUHD�RI�XS�WR�����DFUHV��DQG�H[WHQGLQJ�RYHU�����IHHW�IURP�WKH�GLVFKDUJH
SRLQW�

7KH�6DYDQQDK�'LVWULFW�FXUUHQWO\�XVHV�D����SHUFHQW�FRDUVH�JUDLQ�FULWHULRQ�IRU
QHDUVKRUH�SODFHPHQW�RI�GUHGJHG�PDWHULDOV���7KLV�ZRXOG�VLJQLILFDQWO\�UHGXFH
WXUELGLW\�LPSDFWV�IURP�WKDW�ZKLFK�ZRXOG�RFFXU�ZLWK�VHGLPHQWV�WKDW�KDYH�D�KLJKHU
SHUFHQW�ILQHV�FRQWHQW���$GGLWLRQDO�JHRWHFKQLFDO�LQYHVWLJDWLRQV�ZLOO�EH�SHUIRUPHG�LQ
WKH�&('���,QIRUPDWLRQ�REWDLQHG�IURP�WKRVH�LQYHVWLJDWLRQV�ZLOO�EH�XVHG�WR�GHWHUPLQH
LI�QHZ�ZRUN�VHGLPHQWV�PHHWLQJ�WKH����SHUFHQW�FULWHULRQ�H[LVW�LQ�VXIILFLHQW�YROXPHV�WR
EH�IHDVLEO\�GUHGJHG�DQG�GHSRVLWHG�EHQHILFLDOO\�LQ�WKH�QHDUVKRUH�DUHD���1HZ�ZRUN
VHGLPHQWV�WKDW�GR�QRW�PHHW�WKH�6DYDQQDK�'LVWULFW·V����SHUFHQW�FRDUVH�JUDLQ�VFUHHQLQJ
FULWHULRQ�ZRXOG�QRW�EH�GHSRVLWHG�LQ�WKH�QHDUVKRUH�DUHD�ZLWKRXW�IXUWKHU�'�&250,;
DQDO\VLV�

������� ,PSDFWV�WR�$TXDWLF�2UJDQLVPV

6HFWLRQ�������RI�WKLV�UHSRUW�OLVWV�WKH�QDWLYH�VSHFLHV�RI�PDULQH�OLIH�FRPPRQ�WR�WKH
QHDUVKRUH�HQYLURQPHQW����3RWHQWLDO�LPSDFWV�WR�DTXDWLF�VSHFLHV�DUH�VXPPDUL]HG�E\
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QXPHURXV�DXWKRUV�LQFOXGLQJ�/D6DOOH�HW�DO���������DQG�$OOHQ�DQG�+DUG\����������
,PSDFWV�WR�QDWLYH�VSHFLHV�LQ�WKH�QHDUVKRUH�HQYLURQPHQW�PD\�LQFOXGH�WKH�IROORZLQJ�

• 7R[LF�HIIHFWV�FDXVHG�E\�ELRDFFXPXODWLRQ�DQG�ELRPDJQLILFDWLRQ�RI�FRQWDPLQDQWV
RULJLQDWLQJ�IURP�WKH�GUHGJH�PDWHULDO�

• 3K\VLFDO�LPSDFWV�RI�GUHGJH�SODFHPHQW�RQ�ERWWRP�FRPPXQLWLHV�DQG�RWKHU�VSHFLHV�LQ
WKH�DUHD�RI�SODFHPHQW�

• ,QWHUIHUHQFH�RI�PLJUDWLRQ�URXWHV�RI�YDULRXV�VSHFLHV�

• :DWHU�FROXPQ�LPSDFWV�LQFOXGLQJ�GHFUHDVHG�'2�FRQFHQWUDWLRQV�DQG�LQFUHDVHG
DPPRQLD�FRQFHQWUDWLRQV�

• (IIHFWV�RI�WXUELGLW\�RQ�ILVK�SRSXODWLRQV�DQG�MXYHQLOH�ILVK�

��������� 7R[LF�(IIHFWV

3RWHQWLDO�WR[LF�HIIHFWV�RI�FRQWDPLQDQWV�RQ�DTXDWLF�RUJDQLVPV�SUREDEO\�UHSUHVHQWV�WKH
PRVW�VLJQLILFDQW�WKUHDW�WR�QHDUVKRUH�VSHFLHV����'UHGJH�PDWHULDO�FRQWDLQLQJ
FRQWDPLQDQWV�LQ�FRQFHQWUDWLRQV�DERYH�ULVN�OHYHOV�HVWDEOLVKHG�E\�WKH�WLHU�HYDOXDWLRQ�RI
WKH�VHGLPHQWV�VKRXOG�QRW�EH�FRQVLGHUHG�IRU�DOWHUQDWLYH�SODFHPHQW����$V�PHQWLRQHG
HDUOLHU��SRWHQWLDO�WR[LF�HIIHFWV�IURP�GUHGJH�PDWHULDO�DUH�DGGUHVVHG�LQ�WKH�����E����
DVVHVVPHQW���

��������� ,PSDFWV�WR�%RWWRP�&RPPXQLWLHV

3RWHQWLDO�SK\VLFDO�LPSDFWV�WR�ERWWRP�FRPPXQLWLHV�LQ�QHDUVKRUH�HQYLURQPHQWV
LQFOXGH�GLUHFW�EXULDO�RI�WKH�EHQWKLF�FRPPXQLWLHV�DQG�ERWWRP�GZHOOLQJ�RUJDQLVPV�
DQG�PXG�IORZV�DW�WKH�EDVH�RI�WKH�ZDWHU�FROXPQ��$OOHQ�DQG�+DUG\�����������)OXLG�PXG
JHQHUDWHG�E\�SLSHOLQH�GUHGJHV�FDQ�VHSDUDWH�EHQWKLF�RUJDQLVPV�IURP�WKH�RYHUO\LQJ
ZDWHU�FROXPQ��ZKLFK�WKH\�GHSHQG�XSRQ�IRU�IRRG�DQG�UHVSLUDWLRQ����&OD\�DQG�VLOW
FRPSULVH�DSSUR[LPDWHO\����SHUFHQW�RI�IOXLG�PXGV��$OOHQ�DQG�+DUG\���������OLNHO\
GXH�WR�WKH�VORZ�VHWWOLQJ�YHORFLWLHV�RI�WKHVH�SDUWLFOHV��OHVV�WKDQ�������PP�SHU�VHFRQG���
�)OXLG�PXG�ZLOO�WHQG�WR�IORZ�LI�WKH�ERWWRP�VORSH�LV�DSSUR[LPDWHO\���SHUFHQW�RU
JUHDWHU��DQG�WKH�66�FRQFHQWUDWLRQV�H[FHHG�����SSW����$SSUR[LPDWHO\����WR����SHUFHQW
RI�WKH�VHGLPHQW�LQ�WKH�PXGIORZ�OD\HU�RYHUO\LQJ�WKH�KLJK�GHQVLW\�VROLGV�UHPDLQV�LQ
WKH�IOXLG�PXG�OD\HU�DW�FRQFHQWUDWLRQV�JUHDWHU�WKDQ����SSW��ZKLOH�WKH�UHPDLQLQJ���WR��
SHUFHQW�PD\�EH�UH�VXVSHQGHG�LQ�WKH�ZDWHU�FROXPQ��/D6DOOH�HW�DO���������86$&(�
�������

%XULDO�RI�EHQWKLF�FRPPXQLWLHV�DQG�ERWWRP�GZHOOLQJ�RUJDQLVPV�LV�XQDYRLGDEOH�ZKHQ
FRQVLGHULQJ�DOWHUQDWLYH�SODFHPHQW�ZLWKLQ�WKH�QHDUVKRUH�HQYLURQPHQW����0RVW�RI�WKH
ERWWRP�GZHOOLQJ�ILVK�VSHFLHV�ZRXOG�OLNHO\�PLJUDWH�IURP�WKH�SODFHPHQW�VLWH���2YHUDOO�
WKH�DUHD�WKDW�ZRXOG�EH�EXULHG�GXULQJ�WKH�EHUP�SODFHPHQW�LV�D�VPDOO�SRUWLRQ�RI�WKH
QHDUVKRUH�HQYLURQPHQW�LQ�WKH�6DYDQQDK�+DUERU�UHJLRQ����7KLV�DUHD�LV�QRW�NQRZQ�WR
EH�DQ\�ULFKHU�LQ�DTXDWLF�KDELWDWV�RU�VSHFLHV�WKDQ�RWKHU�SRUWLRQV�RI�WKH�UHJLRQ���7KH
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ERWWRP�RI�WKH�QHDUVKRUH�HQYLURQPHQW�EHLQJ�FRQVLGHUHG�IRU�SODFHPHQW�RI�WKH�IHHGHU
EHUP�JHQHUDOO\�VORSHV�OHVV�WKDQ���SHUFHQW�WRZDUG�WKH�FKDQQHO����+RZHYHU��ORFDOO\�WKH
VORSH�PD\�H[FHHG���SHUFHQW�GXH�WR�XQGXODWLRQV�LQ�WKH�ERWWRP�VHGLPHQWV����7KH
SHUFHQWDJH�RI�ILQHV�ZLWKLQ�GUHGJH�PDWHULDO�FRQVLGHUHG�IRU�DOWHUQDWLYH�SODFHPHQW
VKRXOG�EH�OHVV�WKDQ����SHUFHQW�WR�PLQLPL]H�WKH�SRWHQWLDO�GHYHORSPHQW�RI�VLJQLILFDQW
PXG�IORZV���+RZHYHU��LI�D����SHUFHQW�ILQHV�VFUHHQLQJ�FULWHULRQ�LV�PHW�WR�GHWHUPLQH
WKH�DFFHSWDELOLW\�RI�WKH�QHZ�ZRUN�VHGLPHQWV�IRU�QHDUVKRUH�SODFHPHQW��GHYHORSPHQW
RI�VLJQLILFDQW�PXG�IORZV�VKRXOG�QRW�RFFXU�

��������� ,PSDFWV�WR�0LJUDWLRQ�5RXWHV

7KH�SRWHQWLDO�WR�LQWHUIHUH�ZLWK�PLJUDWLRQ�URXWHV�RI�YDULRXV�VSHFLHV�PD\�H[LVW�GXULQJ
SODFHPHQW�RI�WKH�GUHGJH�PDWHULDO����7KH�SK\VLFDO�SUHVHQFH�RI�GUHGJLQJ�HTXLSPHQW�RU
VXVSHQGHG�VHGLPHQW�LV�VXVSHFWHG�WR�KDYH�DQ�HIIHFW�RQ�WKH�PRYHPHQW�RI�RUJDQLVPV�
SDUWLFXODUO\�DQDGURPRXV�ILVKHV��WXUWOHV��DQG�VRPH�PDULQH�PDPPDOV��/D6DOOH�HW�DO��
��������7KH�QHVWLQJ�DQG�KDWFKLQJ�VHDVRQV�RI�ORJJHUKHDG�WXUWOHV��ZKLFK�KDYH�EHHQ
IRXQG�WR�QHVW�RQ�7\EHH�,VODQG�EHDFK�LQ�SUHYLRXV�\HDUV��DUH�UHSRUWHG�WR�H[WHQG�IURP
0D\�WR�2FWREHU��86$&(����������'UHGJLQJ�GXULQJ�WKLV�SHULRG�PD\�EH�FRQWLQJHQW
XSRQ�FRQGLWLRQV�HVWDEOLVKHG�E\�WKH�*$�'15��

0LJUDWLRQ�URXWHV�RI�ILVK�VSHFLHV�ZLWKLQ�WKH�QHDUVKRUH�HQYLURQPHQW�RII�7\EHH�EHDFK�LV
QRW�ZHOO�NQRZQ��KRZHYHU��WKH�SODFHPHQW�DOWHUQDWLYHV�DUH�QRW�DQWLFLSDWHG�WR�KDYH�D
VLJQLILFDQW�HIIHFW�RQ�PLJUDWLRQ�RI�ILVK�GXH�WR�WKH�PRELOLW\�RI�WKHVH�VSHFLHV�DQG�WKHLU
DELOLW\�WR�DGDSW�WR�UHODWLYHO\�KLJK�WXUELGLW\�ZDWHUV����,Q�VWXGLHV�HYDOXDWLQJ�WKH
SRWHQWLDO�LPSDFWV�RI�WXUELGLW\�SOXPHV�RQ�ILVK�PLJUDWLRQ��RQO\�ED\�DQFKRY\��$QFKRD
PLWFKHOOL��VKRZHG�D�SURQRXQFHG�WHQGHQF\�WR�DYRLG�WXUELG�ZDWHUV��DQG�WKLV�ZDV�RQO\
GXULQJ�WKH�VXPPHU�PRQWKV�RI�WKH�\HDU��/D6DOOH�HW�DO����������

��������� :DWHU�&ROXPQ�(IIHFWV

3RWHQWLDO�ZDWHU�FROXPQ�HIIHFWV�DUH�SUHGRPLQDQWO\�IURP�SRWHQWLDO�LQFUHDVHV�LQ
WXUELGLW\�DQG�QXWULHQWV��DQG�GHFUHDVHV�LQ�'2���/RQJ�WHUP�LPSDFWV�DUH�XVXDOO\
DVVRFLDWHG�ZLWK�WKH�GLVFKDUJH�RI�KLJKO\�RUJDQLF�VHGLPHQWV��ZKLFK�FDQ�FUHDWH�ORQJ�
WHUP�DQR[LD�DQG�LQFUHDVHV�LQ�DPPRQLD�FRQFHQWUDWLRQV�ZLWKLQ�WKH�ZDWHU�FROXPQ
�$OOHQ�DQG�+DUG\�����������,QFUHDVHV�LQ�DPPRQLD�FRQFHQWUDWLRQV�FDQ�VRPHWLPHV
VWLPXODWH�DOJDH�EORRPV�LQ�DUHDV�ZKHUH�SRRU�FLUFXODWLRQ�H[LVWV����'HFUHDVHV�LQ�'2�GXH
WR�LQFUHDVHG�VHGLPHQW�ORDG�LV�W\SLFDOO\�IRXQG�QHDU�WKH�ERWWRP�RI�WKH�GLVFKDUJH�DQG�LV
XVXDOO\�VKRUW�OLYHG���$GGLWLRQDOO\��VLQFH�D����SHUFHQW�ILQHV�VFUHHQLQJ�FULWHULRQ�LV�XVHG
LQ�WKLV�SURMHFW�WR�GHWHUPLQH�DFFHSWDELOW\�RI�WKH�VHGLPHQWV�IRU�QHDUVKRUH�SODFHPHQW�
QR�KLJKO\�RUJDQLF�VHGLPHQWV�ZRXOG�EH�GHSRVLWHG�LQ�WKH�QHDUVKRUH�DUHD���

��������� ,PSDFWV�IURP�7XUELGLW\

7KH�SRWHQWLDO�LPSDFWV�IURP�WXUELGLW\�YDULHV�IRU�GLIIHUHQW�ILVK�VSHFLHV�DQG�VWDJHV�RI
GHYHORSPHQW��KRZHYHU��LQ�JHQHUDO��LW�KDV�EHHQ�IRXQG�WKDW�VXVSHQGHG�VHGLPHQW
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FRQFHQWUDWLRQV�DERYH�������PJ�/�FDQ�EH�KDUPIXO�WR�ILVK�HJJV��ILVK�ODUYDH��DQG
MXYHQLOHV��/D6DOOH�HW�DO�����������$GKHVLRQ�RI�VHGLPHQW�SDUWLFOHV�WR�ILVK�ODUYDH�ZDV
IRXQG�RQO\�DW�FRQFHQWUDWLRQV�DERYH�������PJ�/��DQG�DEUDVLRQ�DQG�SXQFWXUH�GDPDJH
ZDV�IRXQG�RQO\�DERYH�������PJ�/�IRU�QDWXUDO�VHGLPHQWV����/HWKDO�HIIHFWV�LQ�MXYHQLOH
$WODQWLF�PHQKDGHQ�ZHUH�PHDVXUHG�DV�ORZ�DV�����PJ�/��ZLWK�DQ�/&��� �������PJ�/�

$GXOW�ILVK�DUH�PXFK�PRUH�WROHUDQW�RI�VXVSHQGHG�VHGLPHQW�WKDQ�WKH�HDUOLHU�VWDJHV�RI
GHYHORSPHQW����0RVW�VSHFLHV�RI�DGXOW�ILVK�FDQ�WROHUDWH�66�FRQFHQWUDWLRQV�H[FHHGLQJ
������PJ�/���2I�WKH�ILVK�FRPPRQ�WR�WKH�6DYDQQDK�+DUERU�DUHD��ED\�DQFKRYLHV�DQG
PHQKDGHQ�ZHUH�WKH�PRVW�VHQVLWLYH�WR�VXVSHQGHG�VHGLPHQWV��/D6DOOH�HW�DO��������
2·&RQQRU��1HXPDQQ��DQG�6KHUN���������

2·&RQQRU��1HXPDQQ��DQG�6KHUN�SHUIRUPHG�WHVWV�XVLQJ�IXOOHU·V�HDUWK�DQG�QDWXUDO
VHGLPHQWV�WR�HYDOXDWH�SRWHQWLDO�OHWKDO��2·&RQQRU��1HXPDQQ��DQG�6KHUN��������DQG
VXEOHWKDO��2·&RQQRU��1HXPDQQ��DQG�6KHUN��������FRQFHQWUDWLRQV�RQ�YDULRXV�ILVK
VSHFLHV���7HVWV�XVLQJ�IXOOHU·V�HDUWK�SHUIRUPHG�RQ�VSRW�DQG�KRJFKRNHUV�VKRZHG�QR
VLJQLILFDQW�VXEOHWKDO�HIIHFWV�RQ�VSRW����7HVWV�LQGLFDWHG�DSSUR[LPDWHO\�D����SHUFHQW
LQFUHDVH�LQ�UHG�EORRG�FHOOV�DQG�PLFURKHPDWRFULW�LQ�KRJFKRNHUV�IRU�66�FRQFHQWUDWLRQV
H[FHHGLQJ�������PJ�/����+RZHYHU��WHVWV�RQ�KRJFKRNHUV�VKRZHG�QR�OHWKDO�HIIHFWV�DW
FRQFHQWUDWLRQV�H[FHHGLQJ��������PJ�/��LQGLFDWLQJ�D�KLJK�WROHUDQFH�WR�66����7HVWV�RQ
ED\�DQFKRYLHV�VKRZHG�OHWKDO�HIIHFWV�DERYH�������PJ�/�ZLWK�DQ�/&��� �������PJ�/
DQG�DQ�/&��� �������PJ�/���,W�VKRXOG�DOVR�EH�QRWHG�WKDW�KLJKHU�FRQFHQWUDWLRQV�RI
QDWXUDO�VHGLPHQWV�ZHUH�QHFHVVDU\�WR�FDXVH�WKH�VDPH�OHWKDO�HIIHFWV�FDXVHG�E\�IXOOHU·V
HDUWK����7KHUHIRUH��WKUHVKROGV�EDVHG�XSRQ�WHVWV�XVLQJ�IXOOHU·V�HDUWK�DUH�FRQVHUYDWLYH
DQG�VKRXOG�EH�YLHZHG�DV�D�PLQLPXP�FRQFHQWUDWLRQ�RI�DOORZDEOH�66���

%DVHG�XSRQ�GDWD�SUHVHQWHG�LQ�SUHYLRXV�VWXGLHV��D�VDIH�WKUHVKROG�FRQFHQWUDWLRQ�IRU�66
LQ�WKH�QHDUVKRUH�HQYLURQPHQW�RI�WKH�6DYDQQDK�+DUERU�ZRXOG�EH�������PJ�/��DQG�XS
WR�������PJ�/�PD\�EH�DFFHSWDEOH�RXWVLGH�WKH�VSDZQLQJ�DQG�KDWFKLQJ�SHULRGV�

������� �6XLWDELOLW\���

��������� 6XLWDELOLW\�IRU�%HDFK�3ODFHPHQW

7KH�TXDOLW\�RI�WKH�VHGLPHQWV�RULJLQDWLQJ�IURP�WKH�(QWUDQFH�&KDQQHO�DUH�QRW
FKDUDFWHULVWLF�RI�TXDOLW\�EHDFK�VDQGV�VRXJKW�DIWHU�IRU�EHDFK�QRXULVKPHQW�SURMHFWV��
0RVW�RI�WKH�VDQGV��H[FOXGLQJ�WKH�FOD\�EHGV��ZKLFK�PLJKW�EH�FRQVLGHUHG�IRU�EHDFK
SODFHPHQW�ZLWKLQ�WKH�XSSHU�UHDFKHV�RI�WKH�FKDQQHO�KDYH�UHODWLYHO\�VPDOO�PHGLDQ
JUDLQ�VL]H�GLDPHWHUV�������WR������PP��IRU�WKH�DUHD��ZLWK�SHUFHQWDJHV�RI�ILQH�PDWHULDO
H[FHHGLQJ����SHUFHQW����7KH�VPDOO�PHGLDQ�JUDLQ�VL]H�GLDPHWHUV�DQG�WKH�H[FHVV
SHUFHQWDJH�RI�ILQH�PDWHULDO�ZLWKLQ�WKH�VHGLPHQWV�DUH�QRW�RSWLPDO�IRU�UHWHQWLRQ�RI�WKH
VHGLPHQWV�RQ�WKH�EHDFK�IDFH���+RZHYHU��VHGLPHQWV�WKDW�DUH�QRW�UHWDLQHG�RQ�WKH�EHDFK
IDFH�ZRXOG�VWLOO�SURYLGH�D�EHQHILW�WR�WKH�EHDFK�SURILOH���$GGLWLRQDOO\��WKH�SRWHQWLDO�IRU
VRPH�RI�WKH�GUHGJH�PDWHULDO�ZLWKLQ�WKH�FKDQQHO�WR�IRUP�VHGLPHQW�EDOOV�GXULQJ
GUHGJLQJ�PDNHV�WKH�PDWHULDO�IURP�WKH�(QWUDQFH�&KDQQHO�D�OHVV�GHVLUDEOH�VRXUFH�IRU
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EHDFK�SODFHPHQW����7KH�SRWHQWLDO�LV�KLJKHVW�LQ�DUHDV�ZKHUH�WKLFN�FOD\�DQG�VLOW�EHGV
H[LVW�DORQJ�WKH�FKDQQHO�DQG�ZLWKLQ�SRUWLRQV�RI�WKH�0LRFHQH�VHGLPHQWV�WKDW�DUH�ULFK�LQ
PRQWPRULOORQLWH����7KHVH�VHGLPHQWV�SUHGRPLQDQWO\�RFFXU�DORQJ�SRUWLRQV�RI�WKH�LQQHU
UHDFKHV�RI�WKH�(QWUDQFH�&KDQQHO���

%DVHG�XSRQ�WKH�HTXLOLEULXP�EHDFK�SURILOH�FRQFHSW��EHDFKILOO�JUDLQ�VL]H�VKRXOG�EH
HTXDO�WR�RU�JUHDWHU�WKDQ�WKH�QDWLYH�EHDFK�JUDLQ�VL]H�WR�PD[LPL]H�HTXLOLEUDWHG�GU\
EHDFK�ZLGWK���7KH�PHGLDQ�JUDLQ�VL]H�GLDPHWHU�RI�QDWLYH�VDQGV�DORQJ�'DXIXVNLH�LV
DSSUR[LPDWHO\������PP��DQG�WKH�PHGLDQ�JUDLQ�VL]H�GLDPHWHU�RI�QDWLYH�VDQGV�DORQJ
7\EHH�EHDFK�LV�DSSUR[LPDWHO\������PP��$GGLWLRQDO�JHRWHFKQLFDO�LQYHVWLJDWLRQV�ZLOO
EH�SHUIRUPHG�GXULQJ�&('���,QIRUPDWLRQ�REWDLQHG�IURP�WKRVH�LQYHVWLJDWLRQV�ZLOO�EH
XVHG�WR�GHWHUPLQH�LI�QHZ�ZRUN�VHGLPHQWV�PHHWLQJ�WKH����SHUFHQW�VFUHHQLQJ�FULWHULRQ
H[LVW�LQ�VXIILFLHQW�YROXPHV�WR�EH�IHDVLEO\�GUHGJHG�DQG�GHSRVLWHG�EHQHILFLDOO\�LQ�WKH
QHDUVKRUH�DUHD���6KRXOG�GHSRVLWLRQ�RQ�WKH�EHDFK�EH�GHVLUHG��D�KLJKHU�VDQG
SHUFHQWDJH�ZRXOG�EH�UHTXLUHG�

��������� 6XLWDELOLW\�IRU�)HHGHU�%HUP�&RQVWUXFWLRQ

7KH�VXLWDELOLW\�RI�WKH�GUHGJH�PDWHULDO�IRU�IHHGHU�EHUP�FRQVWUXFWLRQ�LV�SUHGRPLQDQWO\
EDVHG�XSRQ�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�PDWHULDO�DQG�SRWHQWLDO�WXUELGLW\
LPSDFWV�FDXVHG�GXULQJ�SODFHPHQW����,Q�JHQHUDO��WKH�PDWHULDO�VKRXOG�KDYH�D�PHGLDQ
JUDLQ�VL]H�VLPLODU�WR�WKDW�IRXQG�DORQJ�WKH�EHDFKHV�DQG�LQ�WKH�QHDUVKRUH�HQYLURQPHQW�
0RVW�RI�WKH�PDWHULDO�IRXQG�ZLWKLQ�WKH�LQQHU�UHDFKHV�RI�WKH�(QWUDQFH�&KDQQHO�KDV�D
PHGLDQ�JUDLQ�VL]H�GLDPHWHU�VPDOOHU�WKDQ�WKDW�IRXQG�DORQJ�7\EHH�EHDFK��DQG�
WKHUHIRUH��LV�QRW�RSWLPXP�IRU�XVH�DV�D�IHHGHU�EHUP����+RZHYHU��SUHOLPLQDU\�DQDO\VLV
LQGLFDWHV�WKDW�VRPH�RI�WKH�PDWHULDO�KDV�WKH�SRWHQWLDO�WR�PRYH�WRZDUG�WKH�VKRUHOLQH
DQG�DXJPHQW�WKH�QHDUVKRUH�VDQG�VKDULQJ�V\VWHP���$GGLWLRQDOO\��DQ\�PDWHULDO�SODFHG
LQ�WKH�QHDUVKRUH�DUHD��HYHQ�WKDW�ZKLFK�PD\�QRW�PLJUDWH�VKRUHZDUG��ZRXOG�SURYLGH
VRPH�GHJUHH�RI�ORFDO�ZDYH�HQHUJ\�UHGXFWLRQ�DORQJ�WKH�H[LVWLQJ�EHDFK�

3RWHQWLDO�WXUELGLW\�LPSDFWV�PD\�SRVH�WKH�PRVW�OLPLWLQJ�IDFWRU�LQ�FRQVLGHULQJ�WKH�XVH
RI�GUHGJH�PDWHULDO�IRU�IHHGHU�EHUP�FRQVWUXFWLRQ����3UHOLPLQDU\�PRGHOLQJ�RI�66�ORDGV
IURP�SODFHPHQW�RI�WKH�PDWHULDO�XWLOL]LQJ�K\GUDXOLF�GUHGJHV�LQGLFDWH�WKDW�VLJQLILFDQW
VHGLPHQW�SOXPHV�FRXOG�EH�JHQHUDWHG�EDVHG�XSRQ�WKH�RYHUDOO�FKDUDFWHULVWLFV�RI�WKH
GUHGJH�PDWHULDO����$OVR��KLJK�2&�FRQWHQW�RI�VHGLPHQWV�ZLWKLQ�WKH�XSSHU�UHDFKHV�RI
WKH�(QWUDQFH�&KDQQHO�KDV�WKH�SRWHQWLDO�RI�JHQHUDWLQJ�DPPRQLD�ZLWKLQ�WKH�ZDWHU
FROXPQ����+RZHYHU��LI�D����SHUFHQW�ILQHV�VFUHHQLQJ�FULWHULRQ�LV�PHW�WR�GHWHUPLQH�WKH
DFFHSWDELOLW\�RI�WKH�QHZ�ZRUN�VHGLPHQWV�IRU�QHDUVKRUH�SODFHPHQW��WKLV�ZRXOG
JHQHUDOO\�H[FOXGH�VHGLPHQWV�ZLWK�D�KLJK�2&�FRQWHQW���$GGLWLRQDO�JHRWHFKQLFDO
LQYHVWLJDWLRQV�ZLOO�EH�SHUIRUPHG�GXULQJ�&('���,QIRUPDWLRQ�REWDLQHG�IURP�WKRVH
LQYHVWLJDWLRQV�ZLOO�EH�XVHG�WR�GHWHUPLQH�LI�QHZ�ZRUN�VHGLPHQWV�PHHWLQJ�WKH���
SHUFHQW�VFUHHQLQJ�FULWHULRQ�H[LVW�LQ�VXIILFLHQW�YROXPHV�WR�EH�IHDVLEO\�GUHGJHG�DQG
GHSRVLWHG�LQ�WKH�QHDUVKRUH�WR�FRQVWUXFW�D�IHHGHU�EHUP�
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��������� 6XPPDU\

,Q�VXPPDU\��WKH�RYHUDOO�FKDUDFWHULVWLFV�RI�WKH�SURSRVHG�GUHGJH�PDWHULDO�DORQJ�WKH
XSSHU�UHDFKHV�RI�WKH�(QWUDQFH�&KDQQHO�DUH�QRW�GHVLUDEOH�IRU�HLWKHU�EHDFK�SODFHPHQW
RU�IRU�XVH�LQ�D�IHHGHU�EHUP����7KH�VPDOOHU�PHGLDQ�JUDLQ�VL]H��WKH�VSRUDGLF�RFFXUUHQFH
RI�FOD\�DQG�VLOW�EHGV�DORQJ�WKH�FKDQQHO��DQG�WKH�RYHUDOO�SHUFHQWDJH�RI�ILQH�PDWHULDO
PDNHV�WKH�PDWHULDO�SRRU�TXDOLW\�IRU�EHDFK�QRXULVKPHQW��ZKLOH�SRWHQWLDO�WXUELGLW\
LPSDFWV�PDNHV�WKH�PDWHULDO�XQVXLWDEOH�IRU�XVH�LQ�IHHGHU�EHUPV����6RPH�RI�WKH
PDWHULDO�IRXQG�DORQJ�VHJPHQWV�RI�WKH�FKDQQHO�GLVSOD\HG�FKDUDFWHULVWLFV�WKDW�PD\�EH
FRQVLGHUHG�IRU�HLWKHU�RI�WKHVH���DOWHUQDWLYHV����+RZHYHU��DGGLWLRQDO�JHRWHFKQLFDO�GDWD
ZRXOG�EH�QHFHVVDU\�WR�GHYHORS�DQ�HQYLURQPHQWDOO\�DFFHSWDEOH�SODQ�DQG�TXDOLI\�WKLV
PDWHULDO�IRU�EHQHILFLDO�XVH�

����� &RDVWDO�(URVLRQ

$Q�LPSRUWDQW�HQYLURQPHQWDO�FRQVHTXHQFH�WR�EH�FRQVLGHUHG�LV�WKH�SRWHQWLDO�LPSDFW�RI
WKH�SURMHFW�RQ�FRDVWDO�SURFHVVHV�DQG�FRDVWDO�HURVLRQ����7KLV�FRQFHUQ�LV�DGGUHVVHG�LQ
GHWDLO�LQ�6HFWLRQ������$GMDFHQW�6KRUHOLQHV����,Q�VXPPDU\��WKH�FRDVWDO�UHJLRQ�H[WHQGLQJ
���PLOHV�QRUWK�DQG�VRXWK�RI�WKH�KDUERU�ZDV�LQYHVWLJDWHG�XVLQJ�WKH�QXPHULFDO�ZDYH
PRGHO�5()�',)����7KH�PRGHOLQJ�UHVXOWV�VKRZ�WKDW�WKH�(QWUDQFH�&KDQQHO�KDV
UHIUDFWLYH�UHIOHFWLYH�SURSHUWLHV�WKDW�DIIHFW�WKH�WUDQVIRUPDWLRQ�RI�RIIVKRUH�ZDYHV�DV
WKH\�SURSDJDWH�WRZDUG�WKH�VKRUHOLQH���7KH�GHHSHQLQJ�RI�WKH�FKDQQHO�UHVXOWV�LQ�D
PRGLILFDWLRQ�RI�WKH�FKDQQHO·V�UHIUDFWLYH�UHIOHFWLYH�SURSHUWLHV���7KLV�PRGLILFDWLRQ�
KRZHYHU��GRHV�QRW�UHVXOW�LQ�D�VLJQLILFDQW�FKDQJH�LQ�WKH�ZDYH�ILHOG�DORQJ�WKH
VKRUHOLQHV�DGMDFHQW�WR�WKH�GHHSHQLQJ�SURMHFW���+HQFH��WKH�SURMHFW�VKRXOG�QRW�DOWHU
FRDVWDO�HURVLRQ�SDWWHUQV�LQ�WKH�SURMHFW�DUHD�E\�DOWHULQJ�WKH�ZDYH�ILHOG�

��� %HQWKLF�/RVVHV�DW�'UHGJHG�$UHDV

5RXWLQH�DQG�UHFXUULQJ�PDLQWHQDQFH�GUHGJLQJ�UHPRYHV�ERWWRP�KDELWDW�DQG�OLPLWV
EHQWKLF�FRPPXQLWLHV����%HQWKLF�FRPPXQLWLHV�LQ�D�GUHGJLQJ�DUHD�DUH�SK\VLFDOO\
GLVWXUEHG�E\�GUHGJLQJ�DFWLYLWLHV�DQG�PRVW�EHQWKLF�FRPPXQLWLHV�ZRXOG�EH�ORVW�ZKHUH
H[FDYDWLRQ�GRHV�DFWXDOO\�RFFXU����$IWHU�WKH�H[FDYDWLRQ�LV�FRPSOHWH��WKH�DUHD�ZRXOG�EH
DYDLODEOH�IRU�UH�FRORQL]DWLRQ��EXW�WKH�H[WHQW�WR�ZKLFK�UH�FRORQL]DWLRQ�ZRXOG�RFFXU
ZRXOG�GHSHQG�RQ�WKH�IUHTXHQF\�RI�PDLQWHQDQFH�GUHGJLQJ�UHTXLUHG����7KRVH�DUHDV
GUHGJHG�IUHTXHQWO\����WR���WLPHV�SHU�\HDU��SUREDEO\�GR�QRW�VXSSRUW�EHQWKLF
FRPPXQLWLHV�LQ�DQ�HTXLOLEULXP�FRQGLWLRQ��

6LQFH�PRVW�RI�WKH�ELRWD�LQ�VHGLPHQWV�H[LVWV�ZLWKLQ�WKH�WRS�IRRW�RI�WKH�ZDWHU�VHGLPHQW
LQWHUIDFH��H[FDYDWLRQ�RI�D�WKLFNHU�OD\HU�RI�VHGLPHQWV�UHVXOWV�LQ�IHZHU�LPSDFWV�WR
EHQWKLF�FRPPXQLWLHV�WKDQ�GRHV�QRUPDO�GUHGJLQJ�LQ�WKH�FKDQQHO�ZKHUH�VHGLPHQWV�DUH
GHSRVLWHG�LQ�WKLQQHU�OD\HUV����+LJK�VKRDOLQJ�DUHDV�ZKHUH�VHGLPHQWV�DFFXPXODWH�LQ
WKLFN�OD\HUV�KDYH�OHVV�EHQWKLF�OLIH�ZKHQ�PHDVXUHG�SHU�YROXPH�RI�VHGLPHQW����0RUH
IUHTXHQW�GUHGJLQJ�RI�WKHVH�DUHDV�LQFUHDVHV�WKH�QXPEHU�RI�WLPHV�EHQWKLF�FRPPXQLWLHV
H[LVWLQJ�WKHUH�H[SHULHQFH�LPSDFWV��EXW�WKH�WRWDO�LPSDFWV�WR�EHQWKLF�FRPPXQLWLHV�GR
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QRW�LQFUHDVH�SURSRUWLRQDWHO\����/HVV�RYHUDOO�LPSDFWV�WR�EHQWKLF�FRPPXQLWLHV�ZRXOG
RFFXU�ZKHQ�PRVW�RI�WKH�VHGLPHQW�ORDG�DFFXPXODWHV�LQ�WKLFN�OD\HUV�LQ�VPDOO�DUHDV
ZKLOH�PRVW�RI�WKH�ERWWRP�VXUIDFH�UHFHLYHV�RQO\�VPDOO�GHSRVLWLRQ���$GYDQFH
PDLQWHQDQFH�DOVR�ORZHUV�LPSDFWV�WR�EHQWKLF�FRPPXQLWLHV�E\�UHGXFLQJ�WKH�IUHTXHQF\
DW�ZKLFK�GUHGJLQJ�LV�SHUIRUPHG��EHFDXVH�LW�DOORZV�D�ORQJHU�WLPH�IRU�SRSXODWLRQV�WR
UHHVWDEOLVK�WKHPVHOYHV�LQ�WKH�H[FDYDWHG�DUHDV����'HFUHDVHV�LQ�'2�DW�WKH�ZDWHU
FROXPQ�VHGLPHQW�LQWHUIDFH�PD\�EH�VOLJKWO\�ODUJHU�LQ�WKRVH�DUHDV�ZKHUH�FKDQQHO
FXUUHQWV�DUH�ORZHU�DQG�GR�QRW�UHDGLO\�IOXVK�WKH�VLWH�ZLWK�QHZ�ZDWHU�ZLWK�KLJKHU
OHYHOV�RI�'2����6XFK�FRQGLWLRQV�FRXOG�VWUHVV�EHQWKLF�FRPPXQLWLHV�UHVLGLQJ�DW�WKRVH
VLWHV�

2WKHU�SRWHQWLDO�LPSDFWV�WR�EHQWKLF�DVVHPEODJHV�DUH�LPSDFWV�UHODWHG�WR�UH�VXVSHQVLRQ
RI�VHGLPHQWV�E\�WKH�GUHGJH����7KH�PDMRU�LPSDFWV�RI�WKLV�UH�VXVSHQVLRQ�DUH�SRVVLEOH
EXULDO�RI�RUJDQLVPV�DQG�WKH�LPSDFWV�WKDW�LQFUHDVHG�VHGLPHQW�ORDGV�PD\�KDYH�RQ
IHHGLQJ��UHVSLUDWLRQ��RU�SKRWRV\QWKHWLF�DFWLYLW\����5HFXUULQJ�GUHGJLQJ�RSHUDWLRQV
ZRXOG�PDNH�LW�YHU\�GLIILFXOW�IRU�DQ�HTXLOLEULXP�FRQGLWLRQ�WR�EH�UHDFKHG�ZKHUH�D
VWDEOH�KDELWDW�DQG�DTXDWLF�FRPPXQLW\�PLJKW�GHYHORS�DW�WKH�ERWWRP����'HJUDGDWLRQ�RI
WKH�KDELWDW�DQG�WKH�FRQWLQXRXV�SK\VLFDO�UHPRYDO�RI�ERWWRP�GZHOOLQJ�VSHFLHV�UHGXFH
WKH�DYDLODELOLW\�RI�QDWXUDO�IRRG�VRXUFHV�IRU�ILVK����+RZHYHU��PRVW�RI�WKLV�DFWLYLW\�DQG
UH�GHSRVLWLRQ�RFFXUV�ZLWKLQ�WKH�QDYLJDWLRQ�FKDQQHO�ZKHUH�EHQWKLF�FRPPXQLWLHV�KDYH
XQDYRLGDEO\�EHHQ�LPSDFWHG�VLQFH�DW�OHDVW�WKH�SUHYLRXV�FHQWXU\��

%HQWKLF�RUJDQLVPV�RI�WKH�6DYDQQDK�+DUERU�DUHD�DSSHDU�WR�KDYH�DGDSWHG�DQG�EHFRPH
KLJKO\�WROHUDQW�RI�QDWXUDOO\�HOHYDWHG�VXVSHQGHG�VHGLPHQW�FRQFHQWUDWLRQV�IRU�VKRUW
SHULRGV�RI�WLPH����$FFRUGLQJ�WR�+D\HV���������D�K\GUDXOLF�GUHGJH�RSHUDWLQJ�LQ�WKH
6HGLPHQW�%DVLQ��D�ZRUVW�FDVH�VFHQDULR��SURGXFHV�LQFUHDVHV�LQ�VXVSHQGHG�VHGLPHQWV
RI�OHVV�WKDQ�����PJ�/����0RQLWRULQJ�LQ�6DYDQQDK�5LYHU�SHUIRUPHG�IURP������WR�����
JHQHUDOO\�DJUHHV�ZLWK�WKDW�ILQGLQJ����1DWXUDOO\�RFFXUULQJ�VWRUP�HYHQWV�RIWHQ�LQFUHDVH
VXVSHQGHG�VHGLPHQWV�LQ�WKH�KDUERU�ZHOO�EH\RQG�WKH�LQFUHDVH�FUHDWHG�E\�D�K\GUDXOLF
GUHGJH����7KHUHIRUH��WKH�H[LVWLQJ�EHQWKLF�FRPPXQLWLHV�LQ�6DYDQQDK�+DUERU�ZRXOG
QRW�EH�DGYHUVHO\�LPSDFWHG�E\�UH�VXVSHQVLRQ�RI�VHGLPHQWV�LQ�WKH�KDUERU�GXH�WR�HLWKHU
K\GUDXOLF��FODPVKHOO��RU�KRSSHU�GUHGJLQJ���$JLWDWLRQ�GUHGJLQJ�GRHV�UHVXOW�LQ�KLJKHU
WKDQ�QRUPDO�GHSRVLWLRQ�UDWHV�LQ�DUHDV�RI�OLPLWHG�VL]H����%HQWKLF�DVVHPEODJHV�UHVLGLQJ
LQ�WKRVH�ORFDWLRQV�FRXOG�EH�DGYHUVHO\�DIIHFWHG���

,PSDFWV�WR�EHQWKLF�FRPPXQLWLHV�ZLOO�RFFXU�DW�WKH�VLWH�RI�RSHQ�ZDWHU�GLVSRVDO
RSHUDWLRQV����6LWHV�ZKLFK�DUH�SUHVHQWO\�XVHG�LQ�WKLV�PDQQHU�DUH�WKH�6DYDQQDK
2'0'6���,PSDFWV�WR�EHQWKLF�FRPPXQLWLHV�DW�ERWK�RI�WKRVH�DUHDV�ZHUH�SUHYLRXVO\
HYDOXDWHG�LQ�VHSDUDWH�GRFXPHQWV�DQG�GHWHUPLQHG�WR�EH�DFFHSWDEOH����,PSDFWV�IURP
GLVSRVDO�RSHUDWLRQV�DW�WKH�6DYDQQDK�2'0'6�DUH�UHYLHZHG�LQ�WKH�VHFWLRQ�GHDOLQJ
ZLWK�WKDW�VLWH����3RWHQWLDO�LPSDFWV�WR�EHQWKLF�FRPPXQLWLHV�LQ�QHDUVKRUH�ZDWHUV�ZLOO�EH
PLQLPL]HG�WKURXJK�����WKH�XVH�RI�D�VLGH�VFDQ�VXUYH\�SULRU�WR�LQLWLDO�XVH�RI�D�VLWH�WR
HQVXUH�QR�YDOXDEOH�KDUG�ERWWRP�FRPPXQLWLHV�DUH�SUHVHQW������EHQWKLF�VXUYH\V�ZRXOG
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DOVR�EH�FRQGXFWHG�SULRU�WR�LQLWLDO�XVH�RI�D�VLWH�WR�HQVXUH�QR�YDOXDEOH�EHQWKLF
FRPPXQLWLHV�DUH�SUHVHQW��DQG�����SODFHPHQW�ZKHQ�WKH�QHZ�ZRUN�VHGLPHQWV�DUH
XQGHU�WKH����SHUFHQW�ILQHV�VFUHHQLQJ�FULWHULRQ�

7KH�:LWKRXW�3URMHFW�$OWHUQDWLYH�ZRXOG�UHVXOW�LQ�FRQWLQXHG�DGYHUVH�LPSDFWV�WR
EHQWKLF�FRPPXQLWLHV�UHVLGLQJ�LQ�DUHDV�XVHG�E\�WKH�1DYLJDWLRQ�3URMHFW����7KH�SHULRGLF
H[FDYDWLRQ�UHTXLUHG�WR�PDLQWDLQ�DGHTXDWH�GHSWKV�UHVXOWV�LQ�UHFXUUHQW�DGYHUVH
LPSDFWV�WKURXJK�UHPRYDO�RI�WKH�EHQWKLF�SRSXODWLRQV����5H�FRORQL]DWLRQ�RI�WKH
H[FDYDWLRQ�VXUIDFH�EHJLQV�LPPHGLDWHO\��EXW�HTXLOLEULXP�FRQGLWLRQV�DUH�SUREDEO\�QRW
UHDFKHG�ZLWKLQ�WKH�EHQWKLF�FRPPXQLW\�EHIRUH�WKH�QH[W�GUHGJLQJ�RFFXUV����&RQWLQXHG
XVH�RI�DJLWDWLRQ�GUHGJLQJ�UHVXOWV�LQ�FRPSDUDEO\�ODUJH�YROXPHV�RI�VHGLPHQW
GHSRVLWLQJ�RQ�UHODWLYHO\�OLPLWHG�SRUWLRQV�RI�WKH�ULYHU�ERWWRP����7KDW�GHSRVLWLRQ�WDNHV
SODFH�DW�D�IDVWHU�UDWH�WKDQ�GR�QRUPDO�VHGLPHQWDWLRQ�SURFHVVHV��WKHUHE\�VWUHVVLQJ�RU
SRVVLEO\�GHVWUR\LQJ�EHQWKLF�FRPPXQLWLHV�WKURXJK�WKH�HIIHFWV�RI�VPRWKHULQJ���
+RZHYHU��DV�VWDWHG�SUHYLRXVO\��SHULRGLF�GUHGJLQJ�RI�WKH�QDYLJDWLRQ�FKDQQHO�UHPRYHV
PXFK�RI�WKRVH�FRPPXQLWLHV�IURP�WKH�FKDQQHO�IORRU�DW�WKDW�WLPH�

,Q�VXPPDU\��ERWK�WKH�:LWKRXW�3URMHFW�DQG�WKH����IRRW�GHHSHQLQJ�ZRUVW�FDVH�VFHQDULR
ZRXOG�UHVXOW�LQ�DFFHSWDEOH�LPSDFWV�WR�EHQWKLF�UHVRXUFHV���$OWKRXJK�GUHGJLQJ�DQG
GLVSRVDO�RSHUDWLRQV�GR�DGYHUVHO\�LPSDFW�WKHVH�UHVRXUFHV��WKLV�LPSDFW�LV�OLPLWHG�LQ
H[WHQW�WR�WKH�DUHDV�EHLQJ�GUHGJHG��H[FHSW�IRU�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�ZKLFK
LV�QHZ�DGGLWLRQDO�DUHD��DQG�GRHV�QRW�DIIHFW�WKH�YLDELOLW\�RI�DQ\�EHQWKLF�FRPPXQLW\
ZLWKLQ�WKH�HVWXDU\�RXWVLGH�RI�WKH�QDYLJDWLRQ�FKDQQHO��

��� :DWHU�4XDOLW\

7KH�G\QDPLF�UHVSRQVH�RI�WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\�WR�GHHSHQLQJ�SURMHFWV
FDQQRW�EH�SUHGLFWHG�EDVHG�VROHO\�RQ�KLVWRULF�REVHUYDWLRQV�RI�WKLV�FRPSOH[�V\VWHP��LW
FDQ�RQO\�EH�SUHGLFWHG�E\�D�UHOLDEOH�SK\VLFDO�RU�QXPHULFDO�PRGHO���7KH���GLPHQVLRQDO
QXPHULFDO�PRGHO�XWLOL]HG�LQ�WKLV�VWXG\�UHSUHVHQWV�WKH�VWDWH�RI�WKH�DUW�LQ
K\GURG\QDPLF�DQG�ZDWHU�TXDOLW\�PRGHOLQJ��DQG�LW�KDV�D�KLVWRU\�RI�VXFFHVVIXO
DSSOLFDWLRQV�LQ�VLPLODU�ZDWHU�ERGLHV���$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�PRGHO
FKDUDFWHULVWLFV�ZDV�SUHVHQWHG�WR�WKH�PHPEHUV�RI�WKH�0RGHOLQJ�7HFKQLFDO�$GYLVRU\
*URXS��DQG�WKH�DSSOLFDWLRQ�RI�WKH�PRGHO�WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFWV�RI�WKH
GHHSHQLQJ�SURMHFW�ZDV�FRQVLGHUHG�DSSURSULDWH�IRU�IORZV�DERYH�������FXELF�IHHW�SHU
VHFRQG��

7KH�VDOLQLW\�PRGHO�ZDV�UHFDOLEUDWHG�EDVHG�XSRQ�FRPPHQWV�UHFHLYHG�WKURXJK�WKH
7HFKQLFDO�$GYLVRU\�&RPPLWWHH���7KH�JRDO�RI�WKH�UHFDOLEUDWLRQ�ZDV�WR�PRUH�DFFXUDWHO\
VLPXODWH�WKH�FULWLFDO�QHDS�WLGH�GULYHQ�VDOLQLW\�LQWUXVLRQ��VSHFLILFDOO\�GXULQJ�WKH
FULWLFDO�ORZ�IORZ�SHULRG���7KH�UHFDOLEUDWHG�PRGHO�ZDV�SUHVHQWHG�WR�WKH�7$*�DQG
DFFHSWHG�DV�DSSURSULDWH�EDVHG�XSRQ�PRGHO�DSSOLFDWLRQ�RYHU�D�UDQJH�RI�YHUWLFDO
PL[LQJ�OHYHOV���7KH�GLVVROYHG�R[\JHQ�PRGHO�DV�SUHVHQWHG�ZLWKLQ�WKH�'UDIW�(,6�KDV
QRW�EHHQ�UHYLVHG�EDVHG�XSRQ�WKH�UHFDOLEUDWHG�VDOLQLW\�PRGHO���$V�WKH�SULPDU\�DUHD�RI
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FRQFHUQ�UHODWLYH�WR�WKH�PRGHO�FDOLEUDWLRQ�IRU�VDOLQLW\�ZDV�RXWVLGH�RI�WKH�SURMHFW
FKDQQHO�H[WHQWV��DQG�WKH�GLVVROYHG�R[\JHQ�PRGHO�GLG�QRW�VKRZ�VLJQLILFDQW�LPSDFWV
RXWVLGH�RI�WKLV�DUHD��LW�ZDV�GHWHUPLQHG�XQHFHVVDU\�WR�UHUXQ�WKH�GLVVROYHG�R[\JHQ
PRGHO�VLPXODWLRQV�

7KH�VDOLQLW\�PRGHO�LV�DOVR�XVHG�WR�HYDOXDWH�WKH�FKDQJHV�LQ�VDOLQLW\�ZKLFK�ZLOO�RFFXU
ZLWKLQ�WKH�V\VWHP�XQGHU�D�SURSRVHG�DYRLGDQFH�RSWLRQ���7KLV�RSWLRQ�SURSRVHV�FORVXUH
RI�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�)URQW�5LYHU�DQG�WKH�0LGGOH�5LYHU�EHWZHHQ�5LYHU
PLOHV����WR������,Q�DGGLWLRQ��WKH�1HZ�&XW�FRQQHFWLRQ�EHWZHHQ�WKH�0LGGOH�5LYHU�DQG
WKH�/LWWOH�%DFN�5LYHU�LV�SURSRVHG�WR�EH�UHRSHQHG�WR�PDLQWDLQ�FLUFXODWLRQ�ZLWKLQ�WKH
FORVHG�RII�DUHDV�RI�WKH�0LGGOH�5LYHU���7KH�JRDO�RI�WKLV�DYRLGDQFH�RSWLRQ�LV�WR�UHGXFH
VDOLQLW\�LPSDFWV�LQ�WKH�FULWLFDO�IUHVKZDWHU�ZHWODQG�KDELWDW�DUHDV�RI�WKH�6DYDQQDK
1DWLRQDO�:LOGOLIH�5HIXJH�

����� 6DOLQLW\

$�GHWDLOHG�GHVFULSWLRQ�RI�WKH���GLPHQVLRQDO�PRGHO�DQG�WKH�PHWKRGRORJ\�XVHG�LQ
DSSO\LQJ�LW�WR�VDOLQLW\�LPSDFWV�LV�SUHVHQWHG�LQ�D�VHSHDUDWH�UHSRUW�SUHSDUHG�E\
$SSOLHG�7HFKQRORJ\�DQG�0DQDJHPHQW�HQWLWOHG��+\GURG\QDPLF�DQG�:DWHU�4XDOLW\
0RGHOLQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\���7KH�IROORZLQJ�SUHVHQWV�D�VXPPDU\�RI
WKH�DVVXPSWLRQV��PHWKRGRORJLHV��DQG�UHVXOWV�IURP�WKDW�UHSRUW���)RU�PRUH�GHWDLOV�RQ
WKH�PRGHO�WKH�UHDGHU�LV�UHIHUUHG�WR�WKH�UHSRUW�

������� 0RGHO�'HVFULSWLRQ

)RU�WKH�6DYDQQDK�+DUERU�D���GLPHQVLRQDO�PRGHO��0XLQ�DQG�6SDXOGLQJ��������LV
EHLQJ�XWLOL]HG�WR�VLPXODWH�WLGDO�HOHYDWLRQV��YHORFLWLHV��VDOLQLW\�GLVWULEXWLRQ��DQG
GHQVLW\�GULYHQ�UHVLGXDO�IORZV���7KH�ERXQGDU\�ILWWHG�PRGHO�PDWFKHV�WKH�PRGHO
FRRUGLQDWHV�ZLWK�WKH�VKRUHOLQH�ERXQGDULHV�RI�WKH�ZDWHU�ERG\��DFFXUDWHO\
UHSUHVHQWLQJ�WKH�VWXG\�DUHD���7KLV�V\VWHP�DOVR�DOORZV�WKH�XVHU�WR�DGMXVW�WKH�PRGHO
JULG�UHVROXWLRQ�DV�GHVLUHG���7KLV�DSSURDFK�LV�FRQVLVWHQW�ZLWK�WKH�KLJKO\�YDULDEOH
JHRPHWU\�RI�WKH�ZDWHU�ERG\���0RGHO�GHYHORSPHQW�IRU�WKH�ERXQGDU\�ILWWHG�DSSURDFK
KDV�SURJUHVVHG�RYHU�WKH�ODVW�GHFDGH��6SDXOGLQJ��������6ZDQVRQ��������

7KH�ERXQGDU\�ILWWHG�PHWKRG�XVHV�D�VHW�RI�FRXSOHG�TXDVL�OLQHDU�HOOLSWLF
WUDQVIRUPDWLRQ�HTXDWLRQV�WR�PDS�DQ�DUELWUDU\�KRUL]RQWDO�PXOWL�FRQQHFWHG�UHJLRQ
IURP�SK\VLFDO�VSDFH�WR�D�UHFWDQJXODU�PHVK�VWUXFWXUH�LQ�WKH�WUDQVIRUPHG�KRUL]RQWDO
SODQH��6SDXOGLQJ����������7KH���GLPHQVLRQDO�FRQVHUYDWLRQ�RI�PDVV�DQG�PRPHQWXP
HTXDWLRQV��ZLWK�DSSUR[LPDWLRQV�VXLWDEOH�IRU�ODNHV��ULYHUV��DQG�HVWXDULHV��6ZDQVRQ�
������WKDW�IRUP�WKH�EDVLV�RI�WKH�PRGHO��DUH�WKHQ�VROYHG�LQ�WKLV�WUDQVIRUPHG�VSDFH���,Q
DGGLWLRQ��DQ�DOJHEUDLF�WUDQVIRUPDWLRQ�LV�XVHG�LQ�WKH�YHUWLFDO�WR�PDS�WKH�IUHH�VXUIDFH
DQG�ERWWRP�RQWR�FRRUGLQDWH�VXUIDFHV���7KH�UHVXOWLQJ�HTXDWLRQV�DUH�VROYHG�XVLQJ�DQ
HIILFLHQW�VHPL�LPSOLFLW�ILQLWH�GLIIHUHQFH�DOJRULWKP�IRU�WKH�H[WHULRU�PRGH����
GLPHQVLRQDO�YHUWLFDOO\�DYHUDJHG��DQG�E\�DQ�H[SOLFLW�ILQLWH�GLIIHUHQFH�OHYHOHG
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DOJRULWKP�IRU�WKH�YHUWLFDO�VWUXFWXUH�RI�WKH�LQWHULRU�PRGH����GLPHQVLRQDO���6ZDQVRQ�
������

7KH�EDVLF�HTXDWLRQV�DUH�ZULWWHQ�LQ�VSKHULFDO�FRRUGLQDWHV�WR�DOORZ�IRU�DFFXUDWH
UHSUHVHQWDWLRQ�RI�ODUJH�PRGHO�DUHDV���7KH�FRQVHUYDWLRQ�HTXDWLRQV�IRU�ZDWHU�PDVV�
PRPHQWXP��LQ���GLPHQVLRQV���DQG�FRQVWLWXHQW�PDVV��WHPSHUDWXUH�DQG�VDOLQLW\��IRUP
WKH�EDVLV�RI�WKH�PRGHO��,W�LV�DVVXPHG�WKDW����D��WKH�IORZ�LV�LQFRPSUHVVLEOH���E��WKH�IOXLG
LV�LQ�K\GURVWDWLF�EDODQFH���F��WKH�KRUL]RQWDO�IULFWLRQ�LV�QRW�VLJQLILFDQW��DQG��G��WKH
%RXVVLQHVT�DSSUR[LPDWLRQ�DSSOLHV�

7KH�ERXQGDU\�FRQGLWLRQV�DUH�DV�IROORZV�

• $W�ODQG��WKH�QRUPDO�FRPSRQHQW�RI�YHORFLW\�LV�]HUR�

• $W�RSHQ�ERXQGDULHV��WKH�WLPH�GHSHQGDQW�IUHH�VXUIDFH�HOHYDWLRQ�RU�IORZ�UDWH�PXVW
EH�VSHFLILHG��ZLWK��VDOLQLW\�VSHFLILHG�RQ�LQIORZ�

• 2Q�RXWIORZ��VDOLQLW\�LV�DGYHFWHG�RXW�RI�WKH�PRGHO�GRPDLQ��DQG

• $�ERWWRP�VWUHVV�RU�D�QR�VOLS�FRQGLWLRQ�FDQ�EH�DSSOLHG�WR�WKH�ERWWRP��

7KHUH�DUH�D�QXPEHU�RI�RSWLRQV�IRU�VSHFLILFDWLRQ�RI�YHUWLFDO�HGG\�YLVFRVLW\��$Y���IRU
PRPHQWXP��DQG�YHUWLFDO�HGG\�GLIIXVLYLW\��'Y���IRU�VDOLQLW\��WHPSHUDWXUH��RU�RWKHU
ZDWHU�TXDOLW\�SDUDPHWHUV�RI�FRQFHUQ����7KH�VLPSOHVW�IRUPXODWLRQ�LV�WKDW�ERWK�DUH
FRQVWDQW�WKURXJKRXW�WKH�ZDWHU�FROXPQ���$Y�DQG�'Y�FDQ�DOVR�EH�IXQFWLRQV�RI�WKH�ORFDO
5LFKDUGVRQ�QXPEHU�ZKLFK��LQ�WXUQ��LV�D�IXQFWLRQ�RI�WKH�YHUWLFDO�GHQVLW\�JUDGLHQW�DQG
YHUWLFDO�JUDGLHQW�RI�KRUL]RQWDO�YHORFLW\���$�PRUH�FRPSOH[�IRUPXODWLRQ�DGGV�WKH
GHSHQGHQFH�RQ�PL[LQJ�OHQJWK�DQG�WXUEXOHQW�HQHUJ\���)RU�WKLV�VWXG\�D�UHYLVHG
IRUPXODWLRQ�IRU�WKH�YHUWLFDO�GLIIXVLYLW\�LV�XWLOL]HG���7KH�UHDGHU�LV�UHIHUUHG�WR�WKH
GHWDLOHG�PRGHOLQJ�UHSRUW�IRU�D�FRPSOHWH�GHVFULSWLRQ�

7KH�VHW�RI�JRYHUQLQJ�HTXDWLRQV�ZLWK�GHSHQGHQW�DQG�LQGHSHQGHQW�YDULDEOHV
WUDQVIRUPHG�IURP�VSKHULFDO�WR�FXUYLOLQHDU�FRRUGLQDWHV��LQ�FRQFHUW�ZLWK�WKH�ERXQGDU\
FRQGLWLRQV��DUH�VROYHG�E\�D�VHPL�LPSOLFLW��VSOLW�PRGH�ILQLWH�GLIIHUHQFH�SURFHGXUH
�6ZDQVRQ����������7KH�HTXDWLRQV�RI�PRWLRQ�DUH�YHUWLFDOO\�LQWHJUDWHG�DQG��WKURXJK
VLPSOH�DOJHEUDLF�PDQLSXODWLRQ��DUH�UHFDVW�LQ�WHUPV�RI�D�VLQJOH�+HOPKROW]�HTXDWLRQ�LQ
VXUIDFH�HOHYDWLRQ���7KLV�HTXDWLRQ�LV�VROYHG�XVLQJ�D�VSDUVH�PDWUL[�VROXWLRQ�WHFKQLTXH
WR�SUHGLFW�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VXUIDFH�HOHYDWLRQ�IRU�HDFK�JULG�

7KH�YHUWLFDOO\�DYHUDJHG�YHORFLW\�LV�WKHQ�GHWHUPLQHG�H[SOLFLWO\�XVLQJ�WKH�PRPHQWXP
HTXDWLRQ���7KLV�VWHS�FRQVWLWXWHV�WKH�H[WHUQDO�RU�YHUWLFDOO\�DYHUDJHG�PRGH���'HYLDWLRQV
RI�WKH�YHORFLW\�ILHOG�IURP�WKLV�YHUWLFDOO\�DYHUDJHG�YDOXH�DUH�WKHQ�FDOFXODWHG�XVLQJ�D
WULGLDJRQDO�PDWUL[�WHFKQLTXH���7KH�GHYLDWLRQV�DUH�DGGHG�WR�WKH�YHUWLFDOO\�DYHUDJHG
YDOXHV�WR�REWDLQ�WKH�YHUWLFDO�SURILOH�RI�YHORFLW\�DW�HDFK�JULG�FHOO��WKHUHE\�JHQHUDWLQJ
WKH�FRPSOHWH�FXUUHQW�SDWWHUQV���7KLV�FRQVWLWXWHV�WKH�LQWHUQDO�PRGH���7KH�PHWKRGRORJ\
DOORZV�WLPH�VWHSV�EDVHG�RQ�WKH�DGYHFWLYH��UDWKHU�WKDQ�WKH�JUDYLW\�ZDYH�VSHHG��DV�LQ



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

FRQYHQWLRQDO�H[SOLFLW�ILQLWH�GLIIHUHQFH�PHWKRGV�DQG��WKHUHIRUH��UHVXOWV�LQ�D
FRPSXWDWLRQDOO\�HIILFLHQW�VROXWLRQ�SURFHGXUH��6ZDQVRQ����������7KH�PRGHO�KDV
XQGHUJRQH�H[WHQVLYH�WHVWLQJ�DJDLQVW�DQDO\WLFDO�VROXWLRQV�DQG�KDV�EHHQ�IRXQG�WR
SHUIRUP�DFFXUDWHO\�DQG�TXLFNO\�

7KH�IORRGLQJ�DQG�GU\LQJ�RI�WKH�PDUVKHV�LV�KDQGOHG�WKURXJK�VWRUDJH�FHOOV�WKDW
DFWLYDWH�WR�GUDZ�ZDWHU�RII�RI�WKH�PDLQ�PRGHO�GRPDLQ�EDVHG�XSRQ�D�SUH�VSHFLILHG
HOHYDWLRQ���:KHQ�WKH�HOHYDWLRQ�RI�WKH�PRGHO�GRPDLQ�DGMDFHQW�WR�WKH�VWRUDJH�FHOOV
H[FHHGV�WKH�PDUVK�HOHYDWLRQ��WKH�FHOOV�EHJLQ�WR�IORRG���)RU�WKH�/RZHU�6DYDQQDK�5LYHU
(VWXDU\�DSSOLFDWLRQ��WKH�PDUVK�FHOOV�DUH�DWWDFKHG�WR�WKH�SULPDU\�IHHGHU�FUHHNV�RII�RI
WKH�)URQW��0LGGOH�DQG�%DFN�5LYHU���)LHOG�H[DPLQDWLRQ�RI�WKH�PDUVK�K\GURG\QDPLFV
LGHQWLILHG�WKDW�WKHVH�IHHGHU�FUHHNV�DUH�WKH�SULPDU\�VRXUFH�RI�IORRG�ZDWHUV�WR�WKH
PDUVKHV���6DOLQLW\�FRQFHQWUDWLRQV�ZLWKLQ�WKH�PDUVK�FHOOV�DUH�JRYHUQHG�E\�WKH
FRQVHUYDWLRQ�RI�PDVV���7KH�PDVV�ZKLFK�IORZV�LQ�RQ�D�IORRGLQJ�WLGH�DORQJ�ZLWK�WKH
YROXPH�RI�ZDWHU�GHILQHV�WKH�PDUVK�FRQFHQWUDWLRQV���2Q�HEELQJ�WLGH��WKLV�PDVV�WKHQ
IORRGV�RXW�WKURXJK�WKH�IHHGHU�FUHHNV�EDFN�LQWR�WKH�V\VWHP���1R�PDVV�LV�JDLQHG�RU�ORVW
ZLWKLQ�WKH�PDUVK�FHOOV��RWKHU�WKDQ�WKDW�ZKLFK�IORZV�LQ�RU�RXW�DFURVV�WKH�ERXQGDU\��
)RU�WKLV�UHDVRQ�WKH�PDUVK�VDOLQLW\�OHYHOV�DUH�D�GLUHFW�UHIOHFWLRQ�RI�WKH�VDOLQLWLHV
HQWHULQJ�WKURXJK�WKH�IHHGHU�FKDQQHOV���7KHUHIRUH��DQ\�LPSDFWV�WR�VDOLQLW\
FRQFHQWUDWLRQV�ZLWKLQ�WKH�PDLQ�FKDQQHOV�DUH�GLUHFWO\�UHIOHFWHG�LQ�WKH�PDUVK�FHOOV��
7KHVH�FHOOV�SURYLGH�WKH�QHFHVVDU\�VWRUDJH�RI�ZDWHU�QHHGHG�WR�SURSHUO\�VLPXODWH�WKH
V\VWHP�K\GURG\QDPLFV��

������� 0HWKRGRORJ\

,Q�DSSO\LQJ�WKH���GLPHQVLRQDO�PRGHO�WR�WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\�WR
GHWHUPLQH�SURMHFW�LPSDFWV��WKH�IROORZLQJ���EDVLF�VWHSV�ZHUH�XVHG�

• 'HWHUPLQH�H[WHQWV�RI�VWXG\�DUHD�WR�EH�PRGHOHG�

• *HQHUDWH�PRGHO�JULG�RYHU�VWXG\�DUHD�ZLWK�H[LVWLQJ�GHSWKV�

• 'HWHUPLQH�ERXQGDU\�IRUFLQJ�FRQGLWLRQV�IRU�PRGHO�LQSXW�

• &DOLEUDWH�WKH�PRGHO�WR�WKH�WLGHV��FXUUHQWV��IORZV�DQG�VDOLQLW\�PHDVXUHG�LQ�WKH
-XO\�6HSWHPEHU������,QWHQVLYH�0RQLWRULQJ�(IIRUW��DQG

• $SSO\�WKH�PRGHO�XQGHU�H[LVWLQJ��WLGH�DQG�IORZ�FRQGLWLRQV�IRU�WKH�SUH��DQG
SRVW�GHHSHQLQJ�JHRPHWU\�WR�HYDOXDWH�WKH�QHW�WHPSRUDO�DQG�VSDWLDO�VDOLQLW\
LPSDFWV�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ�

• $SSO\�WKH�LPSDFWV�WR�WKH�PHDVXUHG�H[LVWLQJ�VDOLQLW\�IRU�HDFK�RI�WKH�IORZ�UDQJHV
�ZKHUH�PHDVXUHPHQWV�ZHUH�QRW�WDNHQ�ZKLFK�ZHUH�UHSUHVHQWDWLYH�RI�WKH�GHVLUHG
IORZ�FRQGLWLRQ��WKH�PRGHO�H[LVWLQJ�FRQGLWLRQV�ZHUH�XWLOL]HG��

)LJXUH�����SUHVHQWV�WKH�PRGHO�JULG�FRYHUDJH�DUHD���7KH�JULG�H[WHQGV�IURP�RIIVKRUH�RI
)RUW�3XODVNL��50������WR�WKH�86*6�IORZ�JDJLQJ�VWDWLRQ�DW�&O\R��50�������,W�LQFOXGHV
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WKH�)URQW�5LYHU��WKH�6RXWK�&KDQQHO��WKH�0LGGOH�5LYHU��WKH�%DFN�5LYHU��DQG�WKH�/LWWOH
%DFN�5LYHU��

'HSWKV�ZLWKLQ�WKH�PDLQWDLQHG�FKDQQHO�EHLQJ�XWLOL]HG�IRU�WKH�PRGHO�FDOLEUDWLRQ�ZHUH
WDNHQ�IURP�WKH�86$&(������$QQXDO�6XUYH\���'HSWKV�RXWVLGH�RI�WKH�PDLQWDLQHG
FKDQQHO�ZHUH�WDNHQ�IURP�DQ�LQWHQVLYH�VXUYH\�FRQGXFWHG�E\�WKH�86$&(�LQ�WKH
6XPPHU�RI������LQ�WKH�IROORZLQJ�UHDFKHV�

• )URQW�5LYHU�IURP�WKH�+RXOLKDQ�%ULGJH�WR�WKH�,����%ULGJH�
• 0LGGOH�5LYHU�
• /LWWOH�%DFN�5LYHU��DQG
• 6RXWK�&KDQQHO�

0RGHO�ERXQGDU\�LQSXW�FRQGLWLRQV�LQFOXGH�WKH�PHDVXUHG�WLGHV�DQG�VDOLQLW\�RIIVKRUH
RI�)RUW�3XODVNL�DQG�WKH�IUHVKZDWHU�LQIORZ�PHDVXUHG�DW�WKH�&O\R�JDJH���7KH�RIIVKRUH
ERXQGDU\�FRQGLWLRQ�ZDV�FDUULHG�D�VXIILFLHQW�GLVWDQFH�RIIVKRUH�WR�DVVXUH�OLPLWHG
LQIOXHQFH�IURP�WKH�IUHVKZDWHU�GLVFKDUJH��VDOLQLWLHV�DW�WKLV�ORFDWLRQ�ZHUH�VHW�DW�����SSW
RU�RFHDQ�YDOXHV���7KH�IUHVKZDWHU�LQIORZV�DW�&O\R�ZHUH�WDNHQ�IURP�WKH�PHDVXUHG
GDLO\�DYHUDJH�IORZ���7KHVH�ERXQGDU\�FRQGLWLRQV�ZHUH�WKH�LQSXW�IRU�WKH�PRGHO
FDOLEUDWLRQ�VLPXODWLRQV���$����SHUFHQW�DGGLWLRQ�WR�WKH�IORZ�YDOXHV�ZDV�XVHG�WR
TXDQWLI\�WKH�IUHVKZDWHU�LQIORZ�IURP�WKH�GUDLQDJH�EDVLQ�EHORZ�&O\R�

7KH�PRGHO�ZDV�FDOLEUDWHG�WR�WKH�WLGHV��IORZV��FXUUHQWV��DQG�VDOLQLW\�PHDVXUHG�IURP
-XO\�WR�6HSWHPEHU��������7KH�IORZ�YDOXHV�RYHU�WKDW�WLPH�SHULRG�UDQJHG�IURP�RYHU
�������FXELF�IHHW�SHU�VHFRQG�GRZQ�WR�EHORZ�������FXELF�IHHW�SHU�VHFRQG���7KH�PRGHO
ZDV�UXQ�VWHDGLO\�WKURXJK�WKLV�WLPH�SHULRG�DQG�WKH�VDOLQLW\�YDOXHV�DQG�GHJUHH�RI
VWUDWLILFDWLRQ�DOORZHG�WR�YDU\LQJ�ERWK�WHPSRUDOO\�DQG�VSDWLDOO\���$�GHWDLOHG
GLVFXVVLRQ�RI�WKH�PRGHO�FDOLEUDWLRQ�LV�SUHVHQWHG�LQ�D�UHSRUW�HQWLWOHG�+\GURG\QDPLF
DQG�:DWHU�4XDOLW\�0RGHOLQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\����DORQJ�ZLWK
TXDQWLILFDWLRQ�RI�WKH�OHYHO�RI�DFFXUDF\�RI�VLPXODWHG�VDOLQLW\�FRQFHQWUDWLRQV�ZLWKLQ�WKH
IORZ�UDQJH�OLVWHG�DERYH���7KH�UHDGHU�LV�UHIHUHQFHG�WR�WKLV�GRFXPHQW�IRU�DOO�GHWDLOV
UHODWLYH�WR�WKH�PRGHO�FDOLEUDWLRQ�

$V�GHVFULEHG�DERYH��WKH�PRGHO�FDOLEUDWLRQ�LV�EHLQJ�FRQGXFWHG�XWLOL]LQJ�WKH�PHDVXUHG
GHSWK�GDWD�DORQJ�ZLWK�PHDVXUHG�YDOXHV�RI�IORZV�DQG�WLGHV�DW�WKH�PRGHO�ERXQGDULHV��
)RU�WKH�PRGHO�VLPXODWLRQV�WKDW�HYDOXDWH�WKH�LPSDFW�RI�WKH�GHHSHQLQJ�XSRQ�WKH
VDOLQLW\�LQWUXVLRQ��LGHDOL]HG�PRGHO�UXQV�ZHUH�VHW�XS�ZLWK�WKH�IROORZLQJ�FRQGLWLRQV�

• 'HSWKV�ZLWKLQ�WKH�PDLQWDLQHG�FKDQQHO�IRU�WKH�SUH��DQG�SRVW�GUHGJHG�FRQGLWLRQ
UHIOHFW�WKH�GHVLJQ�GHSWK�SOXV�DGYDQFH�PDLQWHQDQFH�DQG�DOORZDEOH�RYHUGUHGJH��
7KHUHIRUH��WKH�ERWWRP�GHSWKV�XVHG�IRU�WKH�SUH��DQG�SRVW�GUHGJHG�FRQGLWLRQ�ZHUH
���DQG����IHHW��UHVSHFWLYHO\�

• 'HSWKV�RXWVLGH�RI�WKH�PDLQWDLQHG�FKDQQHO�IRU�WKH�SUH��DQG�SRVW�GUHGJH�FRQGLWLRQ
UHIOHFW�WKH�GHSWKV�DV�PHDVXUHG�LQ�WKH�VXUYH\V�GHVFULEHG�DERYH��DQG
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• 2IIVKRUH�IRUFLQJ�FRQGLWLRQV��UHIOHFW�W\SLFDO��VSULQJ�QHDS�WLGH�IOXFWXDWLRQV�ZLWK
WKH�PHDVXUHG�RIIVKRUH�PHDQ�ZDWHU�OHYHO���6LPXODWLRQV�DUH�UXQ�IRU����GD\V
IROORZLQJ�PRGHO�VSLQ�XS�

)UHVKZDWHU�LQIORZ�YDOXHV�UHIOHFW�WKH�HFRORJLFDO�RU�ELRORJLFDO�LPSDFWV�WR�EH�HYDOXDWHG�
LQFOXGLQJ����������FXELF�IHHW�SHU�VHFRQG��VSDZQLQJ�VHDVRQ�IORZV���������FXELF�IHHW�SHU
VHFRQG��ORZ�JURZLQJ�VHDVRQ�DYHUDJH����������FXELF�IHHW�SHU�VHFRQG��FULWLFDO�ORZ�IORZ
FRQGLWLRQ��

)RU�WKH��������FXELF�IHHW�SHU�VHFRQG�DQG�WKH�������FXELF�IHHW�SHU�VHFRQG��DFWXDO�GDWD�LV
DYDLODEOH�WR�GHILQH�WKH�SUHVHQW�FRQGLWLRQV�DQG�WKHVH�GDWD�ZHUH�SUHVHQWHG�LQ�6HFWLRQ
��������7KHVH�GDWD�DUH�XVHG�DORQJ�ZLWK�WKH�SURMHFWHG�VDOLQLW\�LPSDFWV�WR�GHILQH�WKH
SUH��YHUVXV�SRVW�SURMHFW�LPSDFWV���)RU�WKH���������FXELF�IHHW�SHU�VHFRQG�UXQV���OLPLWHG
GDWD�H[LVWV�WR�TXDQWLI\�WKH�H[LVWLQJ�FRQGLWLRQ��WKHUHIRUH��WKH�PRGHO�VLPXODWLRQV�DUH�
XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�GDWD�WR�GHILQH�WKH�SUH��YHUVXV�SRVW�SURMHFW�LPSDFWV�

������� 'LVFXVVLRQ�RI�5HVXOWV�DQG�6DOLQLW\�,PSDFWV

)ROORZLQJ�WKH�VDPH�PHWKRGRORJ\�RI�WKH�PHDVXUHG�GDWD�DQDO\VLV��WKH�PRGHO�RXWSXW�LV
HYDOXDWHG�LQ���ZD\V�IRU�XVH�LQ�ELRORJLFDO�DQG�HFRORJLFDO�LPSDFW�DQDO\VHV���7KH�ILUVW
SURYLGHV�WKH�LPSDFWV�WR�WKH�LQVWUHDP�ERWWRP�VDOLQLW\�FRQFHQWUDWLRQV�RYHU�WKH�HQWLUH
WLGH�F\FOH���7KLV�SURYLGHV�FKDQJHV�LQ�WKH���WK�DQG���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�DV
D�IXQFWLRQ�RI�ULYHU�PLOH�RYHU�WKH�HQWLUH�WLGH�UDQJH���7KHVH�FRQGLWLRQV�UHIOHFW�WKH�ZRUVW
LPSDFWV�H[SHULHQFHG�E\�WKH�UHVLGHQW�VSHFLHV�ZLWKLQ�WKH�ULYHUV���7KH�VHFRQG�HYDOXDWHV
WKH���WK�SHUFHQWLOH�KLJK�WLGH�VXUIDFH�VDOLQLW\�FKDQJHV���7KH�KLJK�WLGH�LV�GHILQHG�DV�WKDW
SHULRG�RI�WLPH�ZKHQ�WKH�ORFDO�ZDWHU�VXUIDFH�HOHYDWLRQV�H[FHHG�D�VSHFLILHG�HOHYDWLRQ
�WKH�PDUVK�HOHYDWLRQV����7KHVH�FRQGLWLRQV�UHIOHFW�WKH�LPSDFWV�WR�WKH�ZDWHUV�WKDW�IORRG
DQG�GUDLQ�RII�RI�WKH�PDUVKHV��

��������� $OO�7LGH�%RWWRP�6DOLQLW\�,PSDFWV

)LJXUHV�����WKURXJK�����SUHVHQW�FRORU�FRQWRXUV�RI�VDOLQLW\�IRU�WKH�H[LVWLQJ��SUH�
SURMHFW���WKH�GHHSHQHQG��SRVW�SURMHFW���DQG�FORVXUH��SRVW�SURMHFW�ZLWK�DYRLGDQFH�
XQGHU�WKH�WKUHH�IORZ�FRQGLWLRQV�SUHVFULEHG����������������DQG��������FIV����7KH�UHVXOWV
DUH�SUHVHQWHG�IRU�WKH���WK�SHUFHQWLOH�DQG���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV���7KH�FRORUV
UHSUHVHQW�VSHFLILF�UDQJHV�RI�VDOLQLW\�DV�IROORZV�

• /HVV�WKDQ�����SSW��GDUN�EOXH�

• ����SSW�WR�����SSW��EOXH�

• ����SSW�WR�����SSW��JUHHQ�

• ����SSW�WR�����SSW��RUDQJH�

• *UHDWHU�WKDQ�����SSW��UHG�

7KLV�FRORU�VFKHPH�LV�FRQVLVWDQW�IRU�DOO�RI�WKH�VDOLQLW\�FRQWRXU�PDSV�SUHVHQWHG��
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$V�GLVFXVVHG�HDUOLHU��ZKHUH�GDWD�ZHUH�DYDLODEOH��WKH\�ZHUH�XVHG�WR�GHILQH�WKH
H[LVWLQJ�EDVHOLQH���7KH�PRGHO�FDOFXODWHG�GLIIHUHQFHV��SUH��YHUVXV�SRVW�SURMHFW�YHUVXV
FORVXUH��ZHUH�WKHQ�DSSOLHG�WR�WKH�EDVHOLQH�WR�GHWHUPLQH��VDOLQLW\�OHYHOV���7KH�UDWLRQDO
IRU�WKLV�FKRLFH�LV�WKDW�PRGHO�FDOLEUDWLRQ�DWWHPSWV�WR�VLPXODWH�WKH�H[LVWLQJ�FRQGLWLRQV��
$V�WKHUH�LV�DOZD\V�VRPH�OHYHO�RI�HUURU�LQ�WKH�PRGHO�FDOLEUDWLRQ��WKH�PRGHO
VLPXODWLRQV�ZLOO�QHYHU�EH�DV�DFFXUDWH�LQ�GHILQLQJ�WKH�H[LVWLQJ�FRQGLWLRQV�DV�WKH
PHDVXUHG�GDWD��WKH�WDUJHW�WR�EH�DFKLHYHG����,Q�DGGLWLRQ��FRUUHODWLRQV�EHWZHHQ�WKH
PHDVXUHG�FRQGLWLRQ��DQG�WKH�H[LVWLQJ�YHJHWDWLRQ��VKRZHG�H[FHOOHQW�DJUHHPHQW�
HVSHFLDOO\�IRU�WKH�UHSUHVHQWDWLYH�JURZLQJ�VHDVRQ�FDVHV��������FXELF�IHHW�SHU�VHFRQG���
$V�WKH�PDUVK�LPSDFW�HYDOXDWLRQV�DQG�WKH�VSHFLHV�LPSDFW�HYDOXDWLRQV�XVHG�WKH
PHDVXUHG�EDVHOLQHV�WR�FRUUHODWH�WR�H[LVWLQJ�FRQGLWLRQV��LW�ZDV�GHWHUPLQHG�WR�XVH�WKH
PHDVXUHG�EDVHOLQH��ZKHUH�GDWD�ZHUH�DYDLODEOH��WR�GHILQH�WKH�SUH�SURMHFW�OHYHOV���)RU
WKH��������FXELF�IHHW�SHU�VHFRQG�FDVH��ZKHUH��OLPLWHG�GDWD�DUH�DYDLODEOH�WR�GHILQH�WKH
EDVHOLQH��WKH�PRGHO�UHVXOWV�DUH�XVHG�ZLWK�WKH�GDWD�WR�GHILQH�WKH�EDVHOLQH����7KH�UHVXOWV
DUH�SUHVHQWHG�IURP�DERYH�)RUW�-DFNVRQ�XSVWUHDP�WR�0F&R\·V�&XW�DV�WKHVH�DUH�WKH
SULPDU\�DUHDV�RI�LQWHUHVW�DQG�WKH�DUHDV�ZKHUH�WKH�PRVW�VLJQLILFDQW�LPSDFWV�ZHUH
VHHQ�

�����FIV�)ORZ

)LJXUH�����SUHVHQWV�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�IRU�WKH�H[LVWLQJ��GHHSHQHG
DQG�GHHSHQHG�SOXV�FORVXUH�FRQGLWLRQ�XQGHU�WKH������FIV�IORZ���$ORQJ�WKH�)URQW�5LYHU
LW�FDQ�EH�VHHQ�WKDW�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ�WKH���WK�SHUFHQWLOH�����SSW�FRQWRXU
OLQH�PRYHV�XSULYHU�IURP�50������WR�50������6LPLODU�VKLIWV�FDQ�EH�VHHQ�XS�WKH�)URQW
5LYHU�LQ�WKH�����SSW������SSW�DQG�����SSW�FRQWRXU�OLQH���)RU�H[DPSOH�WKH�����SSW
FRQWRXU�OLQH�PRYHV�IURP�50������MXVW�EHORZ�WKH�.LQJV�,VODQG�7XUQLQJ�%DVLQ�XS�WR
50������QHDU�WKH�VSOLW�EHWZHHQ�WKH�)URQW�DQG�0LGGOH�5LYHUV���$ORQJ�WKH�0LGGOH
5LYHU�WKH�����SSW���WK�SHUFHQWLOH�ERWWRP�FRQWRXU�PRYHV�IURP�50������QHDU�WKH�86��
%ULGJH�XS�WR�50�������$GGLWLRQDOO\�LW�FDQ�EH�VHHQ�WKDW�WKH�����SSW�FRQWRXU�OLQH�PRYHV
LQWR�WKH�0LGGOH�5LYHU�QHDUO\�XS�WR�50������DW�WKH�86���%ULGJH�

&RPSDULVRQ�RI�WKH�FORVXUH�UXQV�ZLWK�WKH�H[LVWLQJ�DQG�GHHSHQHG�FRQGLWLRQV�VKRZV
KRZ�WKLV�DYRLGDQFH�RSWLRQ�VLJQLILFDQWO\�LPSURYHV�WKH���WK�SHUFHQWLOH�ERWWRP
VDOLQLWLHV�DORQJ�WKH�0LGGOH�5LYHU���7KH�OHYHOV�DORQJ�WKH�0LGGOH�5LYHU�DIWHU�FORVXUH�DUH
OHVV�WKDQ�H[LVW�WRGD\���:KHUHDV�WKH�����SSW�FRQWRXU�OLQH�ZDV�DW�WKH�86���%ULGJH��50�
������XQGHU�H[LVWLQJ�FRQGLWLRQV��DQG�PRYHG�XS�WR�50����XQGHU�WKH�SURSRVHG
GHHSHQLQJ��WKH�����SSW�FRQWRXU�OLQH�XQGHU�WKH�FORVXUH�RSWLRQV�PRYHV�GRZQ�WR�QHDU
WKH�FRQQHFWLRQ�EHWZHHQ�0LGGOH�5LYHU�DQG�1HZ�&XW���7KH�0LGGOH�5LYHU�VKRZV�WKH
PRVW�GUDVWLF�LPSURYHPHQWV�GXH�WR�WKH�FORVXUH�RSWLRQ���6RPH�LPSURYHPHQW�LQ�WKH���WK
SHUFHQWLOH�VDOLQLWLHV�DORQJ�WKH�%DFN�5LYHU�FDQ�DOVR�EH�VHHQ���7KH�����SSW�FRQWRXU�OLQH
PRYHV�GRZQ�IURP�50������WR�50��������,Q�FRQWUDVW�WKH�FORVXUH�VKRZV�LPSDFWV�DORQJ
WKH�)URQW�5LYHU���7KH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50������DV�LW�H[LVWV�WRGD\�WR
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50������7KLV�LV�FRPSDUHG�ZLWK�WKH�50����ORFDWLRQ�RI�WKH�����SSW�FRQWRXU�OLQH�GXH
VROHO\�WR�WKH�GHHSHQLQJ�

)LJXUH�����SUHVHQWV�WKH�FRQWRXUV�RI�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�XQGHU�WKH
H[LVWLQJ��GHHSHQHG��DQG�GHHSHQHG�ZLWK�FORVXUH�FRQGLWLRQV���7KH�RYHUDOO�VKLIWV�LQ�WKH
VDOLQLW\�FRQWRXUV�IROORZ�WKH�VDPH�SDWWHUQ�DV�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�ZLWK
D�KLJKHU�5LYHU�0LOH�VWDUWLQJ�SRLQW�IRU�HDFK���%HFDXVH�RI�WKH�ORFDWLRQ�RI�WKH�VWDUWLQJ
FRQWRXUV�IXUWKHU�XS�ULYHU�WKH�QHW�FKDQJH�RU�VKLIW�XSULYHU�WHQGV�WR�EH�OHVV�GXH�WR�WKH
QDWXUH�RI�WKH�V\VWHP�WR�FRPSUHVV�WKH�FRQWRXUV�QHDULQJ�WKH�,����%ULGJH���2QH
LQWHUHVWLQJ�SRLQW�WR�QRWH�LV�WKDW�WKHUH�LV�D�VLJQLILFDQW�ORFDOL]HG�LPSDFW�ZKLFK�LV�IRXQG
LQ�WKH���WK�SHUFHQWLOHV�IRU�WKH�H[LVWLQJ�YHUVXV�GHHSHQHG�FRQGLWLRQ���7KHVH�LPSDFWV�DUH
RQ�WKH�RUGHU�RI�����SSW�DQG�RQO\�RFFXU�IRU�D�VKRUW�GXUDWLRQ�DQG�DUH�ORFDOL]HG�WR�WKH
DUHD�RI�WKH�FRQQHFWLRQ���7KLV�LQGLFDWHV�D�QHW�LPSDFW�IURP�WKH�0LGGOH�5LYHU�UDWKHU
WKDQ�XS�DORQJ�WKH�%DFN�5LYHU��

$V�ZDV�IRXQG�IRU�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV��WKH���WK�SHUFHQWLOH�VDOLQLWLHV
VKRZ�VLJQILFDQW�UHGXFWLRQV�DORQJ�WKH�0LGGOH�5LYHU�GXH�WR�WKH�FORVXUH�RSWLRQ�UHODWLYH
WR�WKH�H[LVWLQJ�DV�ZHOO�DV�WKH�SURSRVHG�GHHSHQHG�FRQGLWLRQ���7KH�����SSW�FRQWRXU�
ZKLFK�H[WHQGHG�WR�WKH�WRS�RI�WKH�0LGGOH�5LYHU�XQGHU�H[LVWLQJ�FRQGLWLRQV��PRYHG
GRZQ�EHORZ�WKH�86���%ULGJH�XQGHU�WKH�FORVXUH���7KH�%DFN�5LYHU�RQFH�DJDLQ�VKRZHG
PLQRU�LPSURYHPHQWV��ZKLOH�WKH�)URQW�5LYHU�RQFH�DJDLQ�VKRZHG�LQFUHDVHG�VDOLQLW\
LQWUXVLRQ���7KH�PRGHO�UHVXOWV�GR�QRW�LQGLFDWH�WKDW�WKH�����SSW���WK�SHUFHQWLOH�ERWWRP
VDOLQLWLHV�PRYH�SDVW�0F&R\·V�&XW���$OWKRXJK�WKH�PRGHO�VLPXODWLRQV�GR�VKRZ
SHULRGV�ZKHUH�WKH�����SSW�FRQWRXU�OLQH�PRYHV�SDVW�0F&R\·V�&XW�DQG�SURFHHGV�GRZQ
WKH�0LGGOH�5LYHU��WKHVH�HYHQWV�DUH�RI�VKRUW�GXUDWLRQ�DQG�WKH�VDOLQLWLHV�GLVSHUVH
UDSLGO\�

�����FIV�)ORZ

)LJXUH�����SUHVHQWV�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�IRU�WKH�H[LVWLQJ��GHHSHQHG
DQG�GHHSHQHG�SOXV�FORVXUH�FRQGLWLRQ�XQGHU�WKH������FIV�IORZ���$ORQJ�WKH�)URQW�5LYHU
LW�FDQ�EH�VHHQ�WKDW�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ�WKH���WK�SHUFHQWLOH�����SSW�FRQWRXU
OLQH�PRYHV�XSULYHU�IURP�50������WR�50������6LPLODU�VKLIWV�FDQ�EH�VHHQ�XS�WKH�)URQW
5LYHU�LQ�WKH�����SSW������SSW�DQG�����SSW�FRQWRXU�OLQH���)RU�H[DPSOH�WKH�����SSW
FRQWRXU�OLQH�PRYHV�IURP�50������XS�WR�50��������$ORQJ�WKH�0LGGOH�5LYHU�WKH�����SSW
��WK�SHUFHQWLOH�ERWWRP�FRQWRXU�PRYHV�IURP�50����XS�WR�50������QHDU�WKH�FRQIOXHQFH
ZLWK�WKH�/LWWOH�%DFN�5LYHU��$GGLWLRQDOO\�LW�FDQ�EH�VHHQ�WKDW�WKH�����SSW�FRQWRXU�OLQH
PRYHV�LQWR�WKH�0LGGOH�5LYHU�QHDUO\�XS�WR�50������DERYH�1HZ�&XW�

&RPSDULVRQ�RI�WKH�FORVXUH�UXQV�ZLWK�WKH�H[LVWLQJ�DQG�GHHSHQHG�FRQGLWLRQV�RQFH
DJDLQ�VKRZV�KRZ�WKLV�DYRLGDQFH�RSWLRQ�VLJQLILFDQWO\�LPSURYHV�WKH���WK�SHUFHQWLOH
ERWWRP�VDOLQLWLHV�DORQJ�WKH�0LGGOH�5LYHU���7KH�OHYHOV�DORQJ�WKH�0LGGOH�5LYHU�DIWHU
FORVXUH�DUH�OHVV�WKDQ�H[LVW�WRGD\���:KHUHDV�WKH�����SSW�FRQWRXU�OLQH�ZDV�ZHOO�XS�WKH
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0LGGOH�5LYHU�DOPRVW�WR�WKH�FRQQHFWLRQ�ZLWK�WKH�/LWWOH�%DFN�5LYHU��50�����XQGHU
H[LVWLQJ�FRQGLWLRQV��DQG�PRYHG�XS�WR�50������XQGHU�WKH�SURSRVHG�GHHSHQLQJ��WKH
����SSW�FRQWRXU�OLQH�XQGHU�WKH�FORVXUH�RSWLRQV�PRYHV�GRZQ�EHORZ�WKH�86���%ULGJH
�50�������2QFH�DJDLQ�WKH�0LGGOH�5LYHU�VKRZV�WKH�PRVW�GUDVWLF�LPSURYHPHQWV�GXH�WR
WKH�FORVXUH�RSWLRQ���6RPH�LPSURYHPHQW�LQ�WKH���WK�SHUFHQWLOH�VDOLQLWLHV�DORQJ�WKH
%DFN�5LYHU�FDQ�DOVR�EH�VHHQ���7KH�����SSW�FRQWRXU�OLQH�PRYHV�GRZQ�IURP�50������WR
50��������,Q�FRQWUDVW�WKH�FORVXUH�VKRZV�LPSDFWV�DORQJ�WKH�)URQW�5LYHU���7KH�����SSW
FRQWRXU�OLQH�PRYHV�IURP�50������DV�LW�H[LVWV�WRGD\�WR�50������7KLV�LV�FRPSDUHG�ZLWK
WKH�50����ORFDWLRQ�RI�WKH�����SSW�FRQWRXU�OLQH�GXH�VROHO\�WR�WKH�GHHSHQLQJ�

)LJXUH�����SUHVHQWV�WKH�FRQWRXUV�RI�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�XQGHU�WKH
H[LVWLQJ��GHHSHQHG��DQG�GHHSHQHG�ZLWK�FORVXUH�FRQGLWLRQV�IRU�WKH�������FIV
FRQGLWLRQ���7KH�RYHUDOO�VKLIWV�LQ�WKH�VDOLQLW\�FRQWRXUV�IROORZ�WKH�VDPH�SDWWHUQ�DV�WKH
��WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�ZLWK�D�KLJKHU�5LYHU�0LOH�VWDUWLQJ�SRLQW�IRU�HDFK��
2QFH�DJDLQ�LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKHUH�LV�D�VLJQLILFDQW�ORFDOL]HG�LPSDFW�ZKLFK
LV�IRXQG�LQ�WKH���WK�SHUFHQWLOHV�IRU�WKH�H[LVWLQJ�YHUVXV�GHHSHQHG�FRQGLWLRQ���7KHVH
LPSDFWV�DUH�RQ�WKH�RUGHU�RI�����SSW�DQG�RQO\�RFFXU�IRU�D�VKRUW�GXUDWLRQ�DQG�DUH
ORFDOL]HG�WR�WKH�DUHD�RI�WKH�FRQQHFWLRQ���7KLV�LQGLFDWHV�D�QHW�LPSDFW�IURP�WKH�0LGGOH
5LYHU�UDWKHU�WKDQ�XS�DORQJ�WKH�%DFN�5LYHU��

$V�ZDV�IRXQG�IRU�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV��WKH���WK�SHUFHQWLOH�VDOLQLWLHV
VKRZ�VLJQILFDQW�UHGXFWLRQV�DORQJ�WKH�0LGGOH�5LYHU�GXH�WR�WKH�FORVXUH�RSWLRQ�UHODWLYH
WR�WKH�H[LVWLQJ�DV�ZHOO�DV�WKH�SURSRVHG�GHHSHQHG�FRQGLWLRQ���7KH�����SSW�FRQWRXU�
ZKLFK�H[WHQGHG�QHDUO\�WR�WKH�WRS�RI�WKH�0LGGOH�5LYHU�XQGHU�H[LVWLQJ�FRQGLWLRQV�
PRYHG�GRZQ�EHORZ�WKH�86���%ULGJH�XQGHU�WKH�FORVXUH���7KH�%DFN�5LYHU�RQFH�DJDLQ
VKRZHG�PLQRU�LPSURYHPHQWV��ZKLOH�WKH�)URQW�5LYHU�RQFH�DJDLQ�VKRZHG�LQFUHDVHG
VDOLQLW\�LQWUXVLRQ���7KH�PRGHO�UHVXOWV�GR�QRW�LQGLFDWH�WKDW�WKH�����SSW���WK�SHUFHQWLOH
ERWWRP�VDOLQLWLHV�PRYH�SDVW�0F&R\·V�&XW���$OWKRXJK�WKH�PRGHO�VLPXODWLRQV�GR�VKRZ
SHULRGV�ZKHUH�WKH�����SSW�FRQWRXU�OLQH�PRYHV�SDVW�0F&R\·V�&XW�DQG�SURFHHGV�GRZQ
WKH�0LGGOH�5LYHU��WKHVH�HYHQWV�DUH�RI�VKRUW�GXUDWLRQ�DQG�WKH�VDOLQLWLHV�GLVSHUVH
UDSLGO\�

�������FIV�)ORZ

)LJXUH�����SUHVHQWV�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�IRU�WKH�H[LVWLQJ��GHHSHQHG
DQG�GHHSHQHG�SOXV�FORVXUH�FRQGLWLRQ�XQGHU�WKH��������FIV�IORZ���$V�OLPLWHG�GDWD
ZHUH�DYDLODEOH�WR�GHILQH�WKH�H[LVWLQJ�VDOLQLW\�FRQGLWLRQ�XQGHU�WKH��������FIV�IORZ��WKH
DYDLODEOH�GDWD�ZHUH�XVHG�DORQJ�ZLWK�WKH�PRGHO�VLPXODWLRQV�WR�FUHDWH�WKH�H[LVWLQJ
FRQGLWLRQ���$ORQJ�WKH�)URQW�5LYHU�LW�FDQ�EH�VHHQ�WKDW�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ
WKH���WK�SHUFHQWLOH�����SSW�FRQWRXU�OLQH�PRYHV�XSULYHU�IURP�50������WR�50�����
6LPLODU�VKLIWV�FDQ�EH�VHHQ�XS�WKH�)URQW�5LYHU�LQ�WKH�����SSW������SSW�DQG�����SSW
FRQWRXU�OLQH���)RU�H[DPSOH�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50����XS�WR�50������
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$ORQJ�WKH�0LGGOH�5LYHU�WKH�����SSW���WK�SHUFHQWLOH�ERWWRP�FRQWRXU�PRYHV�IURP�50�
�����XS�WR�50�������$GGLWLRQDOO\�LW�FDQ�EH�VHHQ�WKDW�WKH�����SSW�FRQWRXU�OLQH�PRYHV
LQWR�WKH�0LGGOH�5LYHU�QHDUO\�XS�WR�50������

&RPSDULVRQ�RI�WKH�FORVXUH�UXQV�ZLWK�WKH�H[LVWLQJ�DQG�GHHSHQHG�FRQGLWLRQV�RQFH
DJDLQ�VKRZV�KRZ�WKLV�DYRLGDQFH�RSWLRQ�VLJQLILFDQWO\�LPSURYHV�WKH���WK�SHUFHQWLOH
ERWWRP�VDOLQLWLHV�DORQJ�WKH�0LGGOH�5LYHU���2QH�LQWHUHVWLQJ�GLIIHUHQFH�LV�WKDW�WKH
VDOLQLWLHV�DORQJ�WKH�)URQW�5LYHU�DFWXDOO\�GHFUHDVH�IRU�WKH���WK�SHUFHQWLOH�ZKLOH�EHIRUH
WKH�VDOLQLWLHV�DORQJ�WKH�)URQW�5LYHU�LQFUHDVHG���)LJXUH�����GRHV�VKRZ�WKDW�WKH���WK
SHUFHQWLOH�VDOLQLWLHV�GR�LQFUHDVH�DORQJ�WKH�)URQW�5LYHU�

)LJXUH�����SUHVHQWV�WKH�FRQWRXUV�RI�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV�XQGHU�WKH
H[LVWLQJ��GHHSHQHG��DQG�GHHSHQHG�ZLWK�FORVXUH�FRQGLWLRQV�IRU�WKH��������FIV
FRQGLWLRQ���$V�ZDV�IRXQG�IRU�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV��WKH���WK�SHUFHQWLOH
VDOLQLWLHV�VKRZ�VLJQILFDQW�UHGXFWLRQV�DORQJ�WKH�0LGGOH�5LYHU�GXH�WR�WKH�FORVXUH
RSWLRQ�UHODWLYH�WR�WKH�H[LVWLQJ�DV�ZHOO�DV�WKH�SURSRVHG�GHHSHQHG�FRQGLWLRQ��

��������� �+LJK�7LGH�6XUIDFH�6DOLQLW\�,PSDFWV

)LJXUHV�����WKURXJK������SUHVHQW�FRORU�FRQWRXUV�RI�VDOLQLW\�IRU�WKH�H[LVWLQJ��SUH�
SURMHFW���WKH�GHHSHQHQG��SRVW�SURMHFW���DQG�FORVXUH��SRVW�SURMHFW�ZLWK�DYRLGDQFH�
XQGHU�WKH�WKUHH�IORZ�FRQGLWLRQV�SUHVFULEHG����������������DQG��������FIV����7KH�UHVXOWV
DUH�SUHVHQWHG�IRU�WKH���WK�SHUFHQWLOH�KLJK�WLGH�VXUIDFH�VDOLQLWLHV���7KHVH�DUH�WKH�ZDWHUV
�ZLWK�WKHLU�DVVRFLDWHG�PHDQ�VDOLQLW\��WKDW�UHDFK�DQG�LQXQGDWH�WKH�PDUVK�DUHDV���7KH
GLVFXVVLRQV�KHUHLQ�ZLOO�IRFXV�XSRQ�WKH�VKLIWV�LQ�WKH�VDOLQLW\�FRQWRXUV�GXH�WR�WKH
SURSRVHG�SURMHFW�FKDQJHV��

�����FIV�)ORZ

7KH������FIV�IORZ�FRQGLWLRQ�LV�WKH�FULWLFDO�ORZ�JURZLQJ�VHDVRQ�DYHUDJH�ZKLFK�ZDV
FKRVHQ�IRU�HYDOXDWLRQ�RI�WKH�LPSDFWV�WR�IUHVKZDWHU�PDUVK�VSHFLHV���)RU�WKLV�UHDVRQ�WKH
LPSDFWV�SURMHFWHG�XQGHU�WKLV�IORZ�FRQGLWLRQ�DUH�WKH�PRVW�FULWLFDO��

)LJXUH�����SUHVHQWV�WKH�VDOLQLW\�FRQWRXUV�IRU���WK�SHUFHQWLOH�KLJK�WLGH�VDOLQLWLHV�XQGHU
WKH�WKUHH�FRQGLWLRQV���$ORQJ�WKH�)URQW�5LYHU�WKH�PRGHO�SURMHFWV�WKDW�GXH�WR�WKH
GHHSHQLQJ�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50����XS�WR�50������$ORQJ�WKH
0LGGOH�5LYHU�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50����WR�50�����D�VLPLODU
GLVWDQFH���7KH�RWKHU�FRQWRXUV�VKRZ�VLPLODU�PRYHPHQW�DORQJ�WKH�)URQW�DQG�0LGGOH
5LYHU���$ORQJ�WKH�/LWWOH�%DFN�5LYHU�VRPH�PLQRU�LPSDFWV�DUH�IRXQG�LQ�WKH�DUHD�RI�5LIOH
&XW��EXW�WKHVH�LPSDFWV�JHQHUDOO\�RFFXU�RQ�D�IDOOLQJ�WLGH�DQG�WKH�GLIIHUHQFHV�RFFXU
DIWHU�WKH�WLGH�GURSV�EHORZ�WKH�PDUVK�IORRG�FXWRII���7KLV�H[SODLQV�WKH�LPSDFWV
SUHVHQWHG�LQ�WKH���WK�SHUFHQWLOH�ERWWRP�VDOLQLWLHV��

$V�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLWLHV�WKH�FORVXUH�VLJQLILFDQWO\�LPSURYHV�WKH�VDOLQLW\
FRQGLWLRQV�DORQJ�WKH�0LGGOH�5LYHU���7KH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50���
XQGHU�H[LVWLQJ�FRQGLWLRQV�GRZQ�WR�50��������$�VPDOO�LPSURYHPHQW�LQ�WKH�VDOLQLW\
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OHYHOV�DORQJ�WKH�/LWWOH�%DFN�5LYHU�LV�DOVR�DFKLHYHG�ZLWK�WKH�FORVXUH���$ORQJ�WKH�)URQW
5LYHU��DV�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLW\��WKH�FORVXUH�LQFUHDVHV�WKH�VXUIDFH�VDOLQLW\
LPSDFWV���7KH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50����LQ�WKH�H[LVWLQJ�FRQGLWLRQ�WR
50������XQGHU�WKH�FORVXUH�

�����FIV�)ORZ

7KH������FIV�IORZ�FRQGLWLRQ�ZDV�QRW�D�IORZ�GHHPHG�FULWLFDO�IRU�WKH�SURWHFWLRQ�RI�WKH
PDUVK�VSHFLHV���7KLV�LV�EHFDXVH�XQGHU�WKH�H[LVWLQJ�FRQGLWLRQV�WKH�VDOLQLWLHV�ZKHQ
IORZV�DUH�DW�RU�QHDU������FIV�ZRXOG�EH�WRR�KLJK�WR�PDLQWDLQ�WKH�IUHVKZDWHU�VSHFLHV
ZKLFK�SUHVHQWO\�H[LVWV���6WLOO�LW�LV�SUXGHQW�WR�H[DPLQH�WKH�FULWLFDO�QDWXUH�RI�WKH�VDOLQLW\
FRQGLWLRQV�WKDW�ZLOO�RFFXU�ZLWKLQ�WKH�PDUVKHV�DIWHU�WKH�SURSRVHG�SURMHFW�FKDQJHV��

)LJXUH�����SUHVHQWV�WKH�FRQWRXUV�IRU�WKH���WK�SHUFHQWLOH�KLJK�WLGH�VDOLQLWLHV�XQGHU�WKH
WKUHH�FRQGLWLRQV���$ORQJ�WKH�)URQW�5LYHU�WKH�PRGHO�SURMHFWV�WKDW�GXH�WR�WKH
GHHSHQLQJ�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50����XS�WR�50������$ORQJ�WKH
0LGGOH�5LYHU�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50������WR�50������7KH�RWKHU
FRQWRXUV�VKRZ�VLPLODU�PRYHPHQW�DORQJ�WKH�)URQW�DQG�0LGGOH�5LYHU���$ORQJ�WKH
/LWWOH�%DFN�5LYHU�VRPH�PLQRU�LPSDFWV�DUH�IRXQG�LQ�WKH�DUHD�RI�5LIOH�&XW��EXW�WKHVH
LPSDFWV�JHQHUDOO\�RFFXU�RQ�D�IDOOLQJ�WLGH�DQG�WKH�GLIIHUHQFHV�RFFXU�DIWHU�WKH�WLGH
GURSV�EHORZ�WKH�PDUVK�IORRG�FXWRII���7KLV�H[SODLQV�WKH�LPSDFWV�SUHVHQWHG�LQ�WKH���WK
SHUFHQWLOH�ERWWRP�VDOLQLWLHV��

$V�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLWLHV�WKH�FORVXUH�VLJQLILFDQWO\�LPSURYHV�WKH�VDOLQLW\
FRQGLWLRQV�DORQJ�WKH�0LGGOH�5LYHU���7KH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50�����
XQGHU�H[LVWLQJ�FRQGLWLRQV�GRZQ�WR�50��������$�VPDOO�LPSURYHPHQW�LQ�WKH�VDOLQLW\
OHYHOV�DORQJ�WKH�/LWWOH�%DFN�5LYHU�LV�DOVR�DFKLHYHG�ZLWK�WKH�FORVXUH���$ORQJ�WKH�)URQW
5LYHU��DV�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLW\��WKH�FORVXUH�VOLJKWO\�LQFUHDVHV�WKH�VXUIDFH
VDOLQLW\�LPSDFWV�

�������FIV�)ORZ

)LJXUH������SUHVHQWV�WKH�FRQWRXUV�IRU�WKH���WK�SHUFHQWLOH�KLJK�WLGH�VDOLQLWLHV�XQGHU�WKH
WKUHH�FRQGLWLRQV���$ORQJ�WKH�)URQW�5LYHU�WKH�PRGHO�SURMHFWV�WKDW�GXH�WR�WKH
GHHSHQLQJ�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50������XS�WR�50��������$ORQJ�WKH
0LGGOH�5LYHU�WKH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50������WR�50������7KH�RWKHU
FRQWRXUV�VKRZ�VLPLODU�PRYHPHQW�DORQJ�WKH�)URQW�DQG�0LGGOH�5LYHU���

$V�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLWLHV�WKH�FORVXUH�VLJQLILFDQWO\�LPSURYHV�WKH�VDOLQLW\
FRQGLWLRQV�DORQJ�WKH�0LGGOH�5LYHU���7KH�����SSW�FRQWRXU�OLQH�PRYHV�IURP�50�����
XQGHU�H[LVWLQJ�FRQGLWLRQV�GRZQ�WR�WKH�FRQQHFWLRQ�RI�0LGGOH�5LYHU�WR�WKH�%DFN�5LYHU
WKURXJK�1HZ�&XW����$�VPDOO�LPSURYHPHQW�LQ�WKH�VDOLQLW\�OHYHOV�DORQJ�WKH�/LWWOH�%DFN
5LYHU�LV�DOVR�DFKLHYHG�ZLWK�WKH�FORVXUH�LQ�WKH�YLFLQLW\�RI�1HZ�&XW���$ORQJ�WKH�)URQW
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5LYHU�DV�ZDV�IRXQG�IRU�WKH�ERWWRP�VDOLQLWLHV��WKH�FORVXUH�DFWXDOO\�LPSURYHV�WKH
VXUIDFH�VDOLQLW\�FRQGLWLRQV�RYHU�H[LVWLQJ�FRQGLWLRQV�

����� 'LVVROYHG�2[\JHQ��'2�

$�GHWDLOHG�GHVFULSWLRQ�RI�WKH���GLPHQVLRQDO�ZDWHU�TXDOLW\�PRGHO�DQG�WKH
PHWKRGRORJ\�XVHG�LQ�DSSO\LQJ�WKH���GLPHQVLRQDO�PRGHO�WR�SUHGLFW�'2�LPSDFWV�LQ
WKH�/RZHU�6DYDQQDK�5LYHU�HVWXDU\�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ�LV�SUHVHQWHG�LQ
WKH�(QJLQHHULQJ�$SSHQGLFHV���7KH�VHFWLRQ�LV�HQWLWOHG�+\GURG\QDPLF�DQG�:DWHU�4XDOLW\
0RGHOLQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU�(VWXDU\����7KH�IROORZLQJ�SUHVHQWV�D�EULHI
GHVFULSWLRQ�RI�WKH�PRGHO��D�VXPPDU\�RI�WKH�PHWKRGRORJ\�XVHG�LQ�DSSO\LQJ�WKH
PRGHO�WR�GHWHUPLQH�LPSDFWV��DQG�D�VXPPDU\�RI�WKH�SURMHFWHG�'2�LPSDFWV�

������� 0RGHO�'HVFULSWLRQ

7KH�ZDWHU�TXDOLW\�PRGHO�FRPSRQHQW�RI�:40$3�LV�EDVHG�RQ�WKH�VDPH
ERXQGDU\�ILWWHG�JULG�DV�WKH�K\GURG\QDPLF�PRGHO����,W�XVHV�WKH�K\GURG\QDPLF�PRGHO
RXWSXW�SOXV�DGGLWLRQDO�SDUDPHWHUV�WR�HVWLPDWH�WKH�GLVWULEXWLRQ�RI���VWDWH�YDULDEOHV�LQ
VSDFH�DQG�WLPH����7KH�(3$�:$63��HXWURSKLFDWLRQ�PRGHO�HTXDWLRQV��$PEURVH�HW�DO��
������IRUP�WKH�EDVLV�RI�WKH�ZDWHU�TXDOLW\�PRGHO�NLQHWLFV����7KH�:$63��NLQHWLF�UDWH
HTXDWLRQV�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�:40$3�WR�IRUP�D�IXOO\�QRQ�OLQHDU
HXWURSKLFDWLRQ����GLPHQVLRQDO��WLPH�GHSHQGHQW��DGYHFWLRQ�GLIIXVLRQ�PRGHO�V\VWHP
LQ�ERXQGDU\�ILWWHG��JHQHUDO�FXUYLOLQHDU�FRRUGLQDWHV�

5HODWLYH�WR�'2��YDULRXV�OHYHOV�RI�FRPSOH[LW\�FDQ�EH�XVHG�WR�VLPXODWH�VRPH�RU�DOO�RI
WKH�SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV����7KHVH�SURFHVVHV�LQFOXGH�WKH�WUDQVSRUW�DQG
LQWHUDFWLRQ�DPRQJ�WKH�QXWULHQWV��SK\WRSODQNWRQ��FDUERQDFHRXV�PDWHULDO��'2��HWF���
7KH�IROORZLQJ���EDVLF�OHYHOV�RI�FRPSOH[LW\�FDQ�EH�GHILQHG�ZKHQ�DQDO\]LQJ�WKH�'2
SUREOHP�

• 6WUHHWHU�3KHOSV��D�VLPSOH�%2'�'2�EDODQFH�

• 0RGLILHG�6WUHHWHU�3KHOSV��%2'�'2�EDODQFH�ZLWK�%2'�FRPSDUWPHQWDOL]HG�LQWR
FDUERQDFHRXV�DQG�QLWURJHQRXV�%2'��&%2'�DQG�1%2'��

• )XOO�OLQHDU�'2�EDODQFH��ZKLFK�DGGV�WKH�HIIHFWV�RI�SKRWRV\QWKHVLV�DQG�UHVSLUDWLRQ
SOXV�PRUH�FRPSOH[�QLWURJHQ�NLQHWLFV�

• 6LPSOH�HXWURSKLFDWLRQ�NLQHWLFV��ZKLFK�DGGV�SK\WRSODQNWRQ�NLQHWLFV�DQG�PRUH
FRPSOH[�QXWULHQW�LQWHUDFWLRQV�

• ,QWHUPHGLDWH�HXWURSKLFDWLRQ�NLQHWLFV��ZLWK�IXOO�QXWULHQW�F\FOHV�LQFOXGLQJ�QRQ�
OLQHDU��IHHGEDFN��WHUPV��DQG

• ,QWHUPHGLDWH�HXWURSKLFDWLRQ�NLQHWLFV�ZLWK�EHQWKRV��ZKLFK�LQFOXGHV�WKH
VLPXODWLRQ�RI�DOO�WKH�VWDWH�YDULDEOHV�LQ�WKH�EHQWKLF�VHJPHQWV�
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7KHVH�VWHSV�LQFUHPHQWDOO\�LQFOXGH�LQFUHDVLQJ�OHYHOV�RI�QXWULHQW��SK\WRSODQNWRQ�
ELRFKHPLFDO�R[\JHQ�GHPDQG��%2'���'2�UHSUHVHQWDWLRQ��LQWHUDFWLRQ��DQG�FRPSOH[LW\�
�7KHVH�UHSUHVHQW�D�QXPEHU�RI�GLIIHUHQW�SHUVSHFWLYHV�IURP�ZKLFK�WR�YLHZ�WKH
SUREOHP����,Q�SUDFWLFH��WKH�PRGHO�V\VWHP�DOORZV�D�FRQWLQXXP�RI�YDULDWLRQV�FRYHULQJ
WKH�HQWLUH�VXLWH�RI�VWDWH�YDULDEOHV��NLQHWLF�UDWHV�DQG�FRHIILFLHQWV��LQWHUDFWLRQV��VXE�
SURFHVVHV��DQG�HQYLURQPHQWDO�LQSXWV��KHQFH��LW�JLYHV�WKH�XVHU�D�JUHDW�GHDO�RI�FRQWURO
DQG�D�YDVW�QXPEHU�RI�WRROV�ZLWK�ZKLFK�WR�DQDO\]H�WKH�SUREOHP�

)LYH�VWDWH�YDULDEOHV�ZLWKLQ�WKH�:40$3�HXWURSKLFDWLRQ�PRGHO�FDQ�SDUWLFLSDWH
GLUHFWO\�LQ�WKH�'2�EDODQFH���SK\WRSODQNWRQ�FDUERQ��DPPRQLD��QLWUDWH��FDUERQDFHRXV
%2'��DQG�'2����$Q�DGGLWLRQDO���VWDWH�YDULDEOHV�FDQ�DIIHFW�WKH�'2�WKURXJK�WKH
LQFUHDVLQJO\�FRPSOH[�NLQHWLF�LQWHUDFWLRQV���LQRUJDQLF�SKRVSKRUXV��RUJDQLF�QLWURJHQ�
DQG�RUJDQLF�SKRVSKRUXV���

7KH�'2�EDODQFH�LQFOXGHV�VRXUFHV��UHDHUDWLRQ�DQG�SK\WRSODQNWRQ�JURZWK��DQG�VLQNV
�SK\WRSODQNWRQ�UHVSLUDWLRQ��R[LGDWLRQ�RI�FDUERQDFHRXV�PDWHULDO��DQG�QLWULILFDWLRQ��LQ
DGGLWLRQ�WR�WKH�WUDQVSRUW�WHUPV����0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�:$63�NLQHWLF
IRUPXODWLRQV�FDQ�EH�IRXQG�LQ�$PEURVH�HW�DO����������

7KH�ZDWHU�TXDOLW\�PRGHO�UXQV�DV�D�VWDQG�DORQH�FRPSRQHQW�LQ�WKH�:40$3�V\VWHP���
7KH�PRGHO�PD\�EH�UXQ�ZLWK�RU�ZLWKRXW�K\GURG\QDPLF�GDWD����+\GURG\QDPLF�GDWD
FUHDWHG�E\�WKH�:40$3�PRGHO��RU�E\�RWKHU�PRGHOV��DQG�LPSRUWHG�LQWR�:40$3�DUH
VWRUHG�RQ�GLVN�DQG�UHDG�LQWR�WKH�ZDWHU�TXDOLW\�PRGHO�IRU�WKH�WUDQVSRUW�FDOFXODWLRQV���
7KH�K\GURG\QDPLF�PRGHO�GDWD��LQ�WKLV�FDVH��LQFOXGHV�FXUUHQWV��VXUIDFH�HOHYDWLRQV�
WHPSHUDWXUH��DQG�VDOLQLW\�IRU�HDFK�FHOO�LQ�WKH�PRGHO�JULG����7KH�FRQWURO�SDUDPHWHUV�IRU
WKH�PRGHO��UDWHV��ORDGV��ERXQGDU\�FRQGLWLRQV��HWF���DUH�LQSXW�YLD�PHQX�GULYHQ�LQSXW
IRUPV�LQ�WKH�:LQGRZV�EDVHG�:40$3�JUDSKLFDO�XVHU�LQWHUIDFH�

������� 0HWKRGRORJ\

7KH���GLPHQVLRQDO�ZDWHU�TXDOLW\�PRGHO�XWLOL]HV�WKH�K\GURG\QDPLF�IRUFLQJ�ILOH
JHQHUDWHG�E\�WKH�VDOLQLW\�PRGHO�UXQV����7KHUHIRUH��WKH�VDOLQLW\�PRGHO�UXQV��ZKHWKHU
IRU�WKH�H[LVWLQJ�FDOLEUDWLRQ�RU�IRU�WKH�LPSDFW�DQDO\VHV��EHFRPH�WKH�EDVLV�IRU�WKH�ZDWHU
TXDOLW\�PRGHO�VLPXODWLRQV���7KHVH�ILOHV�SURYLGH�WKH�UHODWLYH�WUDQVSRUW�RI�WKH
FRQVWLWXHQWV�RI�FRQFHUQ���

7KH�JRDO�RI�WKH�ZDWHU�TXDOLW\�PRGHO�VLPXODWLRQV�LV�WR�GHILQH�WKH�UHODWLYH�LPSDFW�RI
WKH�GHHSHQLQJ�XSRQ�WKH�'2�FRQFHQWUDWLRQV�WKURXJKRXW�WKH�V\VWHP����7KH�JRDO�LV�QRW
WR�GHYHORS�D�PRGHO�ZKLFK�LV�FDSDEOH�RI�VLPXODWLQJ�DOO�RI�WKH�FRPSOH[�'2�NLQHWLFV��
,QVWHDG��WKH�PRGHO�DLPV�DW�LVRODWLQJ�WKRVH�SK\VLFDO�SURFHVVHV�ZKLFK�PD\�EH
LPSDFWHG�E\�WKH�GHHSHQLQJ����7KH�SK\VLFDO�SURFHVVHV�FRQVLGHUHG�LQFOXGH�WKH
IROORZLQJ�

• 5HGXFHG�UHDHUDWLRQ�RYHU�WKH�ZDWHU�FROXPQ�GXH�WR�LQFUHDVHG�GHSWKV��ZKLFK�ZLOO
SULPDULO\�LPSDFW�WKH�ERWWRP�FRQFHQWUDWLRQV�
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• $OWHUDWLRQV�WR�WKH�WUDQVSRUW�RI�%2'�PDWHULDO�WKURXJKRXW�WKH�V\VWHP�

• $OWHUDWLRQV�WR�WKH�OHYHOV�RI�VWUDWLILFDWLRQ�ZKLFK�PD\�UHGXFH�ERWWRP�OD\HU
UHDHUDWLRQ��DQG

• ,QFUHDVHG�VDOLQLWLHV�ZKLFK�PD\�DOWHU�WKH�VDWXUDWLRQ�FRQFHQWUDWLRQV�

%DVHG�XSRQ�WKHVH�SK\VLFDO�SURFHVVHV��D�VLPSOH�%2'�'2�EDODQFH�DSSURDFK��WKDW��XVHV
WKH�RXWSXW�IURP�WKH���GLPHQVLRQDO�VDOLQLW\�PRGHO�VLPXODWLRQV��ZDV�FKRVHQ�WR
HYDOXDWH�WKH�LPSDFWV����7KH�EDODQFH�ZLOO�RFFXU�EHWZHHQ�WKH�8OWLPDWH�%LRFKHPLFDO
2[\JHQ�'HPDQG��8%2'���LQFOXGLQJ�WKH�QLWURJHQRXV�SRUWLRQ��DQG�WKH�'2
FRQFHQWUDWLRQV�LQ�WKH�ZDWHU�FROXPQ����7KH�VLPXODWLRQV�LQFOXGH�WKH�IROORZLQJ�

• YHORFLW\�GHSHQGDQW�UHDHUDWLRQ�

• VHGLPHQW�R[\JHQ�GHPDQG�DW�WKH�ERWWRP�

• UHSUHVHQWDWLYH�8%2'�GHFD\�UDWHV�DV�GHILQHG�IURP�WKH�ILHOG�PHDVXUHPHQWV�RI
LQVWUHDP�8%2'�

• UHSUHVHQWDWLYH�8%2'�ERXQGDU\�LQSXWV�DW�WKH�XSVWUHDP�DQG�GRZQVWUHDP
ERXQGDULHV�DV�PHDVXUHG�LQ�WKH�ILHOG�

• PRQWKO\�DYHUDJH�SRLQW�VRXUFH�GLVFKDUJHV�EDVHG�XSRQ�'05�GDWD�SURYLGHG�E\
(3$��DQG

• WHPSHUDWXUHV�EDVHG�XSRQ�WKH�-XO\�6HSWHPEHU�PHDVXUHPHQWV�

'05�GDWD�XVH�OLWHUDWXUH�PXOWLSOLHUV�WR�GHILQH�WKH�8%2'�IURP�WKH�%2'��GDWD����7KH
ERXQGDU\�LQSXWV�DUH�EDVHG�XSRQ�ILHOG�PHDVXUHG�8%2'�LQ�-XO\�6HSWHPEHU��������
'HWDLOHG�GLVFXVVLRQV�RI�WKH�ILHOG�PHDVXUHPHQWV�RI�8%2'�DUH�SUHVHQWHG�LQ�WKH�UHSRUW
HQWLWOHG��+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH�/RZHU�6DYDQQDK�5LYHU
(VWXDU\��-XO\�6HSWHPEHU������

7KH�PRGHO�FDOLEUDWLRQ�XVHG�WKH�ILHOG�PHDVXUHG�'2�DQG�WKH�ILHOG�PHDVXUHG�LQVWUHDP
�QRW�ERXQGDU\��8%2'����7KH�JRDO�ZDV�WR�GHYHORS�D�VLPSOLILHG�PRGHO�WKDW�UHSUHVHQWV
WKH�DV�PHDVXUHG�VXPPHU�FRQFHQWUDWLRQV�RI�8%2'�DQG�'2��-XO\�6HSWHPEHU���������

)RU�WKH�LPSDFW�VLPXODWLRQV��WKH�PRGHO�XVHV�WKH�LPSDFW�VDOLQLW\�UXQV��DORQJ�ZLWK�WKH
LQSXWV�DQG�UDWH�FRQVWDQWV�DV�GHILQHG�IURP�WKH�FDOLEUDWLRQ��DQG�GHWHUPLQHV�WKH�QHW
GLIIHUHQFH�LQ�WKH�'2�FRQFHQWUDWLRQ�WKURXJKRXW�WKH�V\VWHP���

������� 'LVFXVVLRQ�RI�5HVXOWV�DQG�'2�,PSDFWV

$V�ZDV�GRQH�IRU�VDOLQLW\��WKH�'2�PRGHO�ZDV�UXQ�XQGHU�WKH�������FXELF�IHHW�SHU
VHFRQG��WKH�������FXELF�IHHW�SHU�VHFRQG��DQG�WKH�������FXELF�IHHW�SHU�VHFRQG
FRQGLWLRQ����7KH�UHVXOWV�IRU�WKH�'2�PRGHO�VLPXODWLRQV�DUH�SUHVHQWHG�LQ�WHUPV�RI�WKH
ZRUVW�FDVH�ERWWRP�'2�LPSDFWV���
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)LJXUHV������WKURXJK������SUHVHQW�WKH�SUH��YHUVXV�SRVW�SURMHFW�QHDU�ERWWRP�'2
FRQFHQWUDWLRQ�LPSDFWV�DV�D�IXQFWLRQ�RI�ULYHU�PLOH�LQ�WKH�)URQW��0LGGOH��DQG�/LWWOH
%DFN�5LYHUV�XQGHU�WKH���IORZ�FRQGLWLRQV�SUHVFULEHG���7KH�LPSDFWV�SUHVHQWHG�DUH�WKH
GLIIHUHQFH�EHWZHHQ�WKH�SUH��DQG�SRVW�GHHSHQLQJ�PRGHO�VLPXODWLRQV�IRU�WKH���WK�DQG
��WK�SHUFHQWLOHV����7KHVH�SHUFHQWLOHV�ZHUH�FKRVHQ�WR�UHSUHVHQW�WKH�W\SLFDO�DQG�WKH
H[WUHPH�FRQGLWLRQV�WKDW�RFFXUUHG���,Q�DGGLWLRQ�WR�WKH�ORQJLWXGLQDO�SURILOHV�RI�'2
LPSDFW��D�WDEOH�LV�SUHVHQWHG�ZLWKLQ�HDFK�ILJXUH�ZKLFK�OLVWV�WKH�UHODWLYH�LPSDFW�DV�ZHOO
DV�WKH�SUH��YHUVXV�SRVW�GHHSHQLQJ�SURMHFWHG�'2�FRQFHQWUDWLRQ�DW�VSHFLILF�ULYHU�PLOHV�
�

$V�GLVFXVVHG�HDUOLHU��ZKHUH�GDWD�ZHUH�DYDLODEOH��WKH\�ZHUH�XVHG�WR�GHILQH�WKH
H[LVWLQJ�EDVHOLQH���7KH�PRGHO�FDOFXODWHG�GLIIHUHQFHV��SUH��YHUVXV�SRVW�SURMHFW��ZHUH
WKHQ�DSSOLHG�WR�WKH�EDVHOLQH�WR�GHWHUPLQH�LPSDFWV���7KH�UDWLRQDOH�IRU�WKLV�FKRLFH�LV
WKDW�PRGHO�FDOLEUDWLRQ�DWWHPSWV�WR�VLPXODWH�WKH�H[LVWLQJ�FRQGLWLRQV���$V�WKHUH�LV
DOZD\V�VRPH�OHYHO�RI�HUURU�LQ�WKH�PRGHO�FDOLEUDWLRQ��WKH�PRGHO�VLPXODWLRQV�ZLOO�QHYHU
EH�DV�DFFXUDWH�LQ�GHILQLQJ�WKH�H[LVWLQJ�FRQGLWLRQV�DV�WKH�PHDVXUHG�GDWD��WKH�WDUJHW�WR
EH�DFKLHYHG����$V�WKH�VSHFLHV�LPSDFW�HYDOXDWLRQ�XVHG�WKH�PHDVXUHG�EDVHOLQH�WR
FRUUHODWH�WR�H[LVWLQJ�FRQGLWLRQV��LW�ZDV�GHWHUPLQHG�WR�XVH�WKH�PHDVXUHG��ZKHUH�GDWD
ZHUH�DYDLODEOH��WR�GHILQH�WKH�SUH�SURMHFW�OHYHOV���)RU�WKH�������FXELF�IHHW�SHU�VHFRQG
FDVH��ZKHUH�QR�GDWD�DUH�DYDLODEOH�WR�GHILQH�WKH�EDVHOLQH��WKH�PRGHO�UHVXOWV�DUH�XVHG
IRU�ERWK��

3RWHQWLDO�'2�LPSDFWV�DURXQG�WKH�.,7%�DUH�RI�VSHFLDO�FRQFHUQ�UHJDUGLQJ�WKH
VKRUWQRVH�VWXUJHRQ���7KHUHIRUH��VXSSOHPHQWDO�GDWD�SRLQWV�ZHUH�DGGHG�WR�VKRZ�WKH
SUHGLFWHG�ERWWRP�LPSDFWV�DFURVV�WKH�.,7%��$�WRWDO�RI���VXSSOHPHQWDO�SRLQWV�ZHUH
DGGHG��WKH�ORFDWLRQV�RI�ZKLFK�DUH�VKRZQ�LQ�)LJXUH��������7KH�H[LVWLQJ�EDVHOLQH
FRQGLWLRQ�DURXQG�WKH�.,7%�ZDV�GHWHUPLQHG�IURP�WLPH�DQG�VSDWLDO�LQWHUSRODWLRQ�RI
WKH�FRQWLQXRXV�GDWD�DW�VWDWLRQV�*3$�����*3$�����DQG�WKH�LQIRUPDWLRQ�REWDLQHG�IURP
WKH���V\QRSWLF�VXUYH\V���'HWDLOHG�GLVFXVVLRQV�RI�WKH�ILHOG�PHDVXUHPHQWV�DUH
SUHVHQWHG�LQ�WKH�UHSRUW�HQWLWOHG��+\GURG\QDPLF�DQG�:DWHU�4XDOLW\�0RQLWRULQJ�RI�WKH
/RZHU�6DYDQQDK�5LYHU�(VWXDU\��-XO\�6HSWHPEHU������

)LJXUH������SUHVHQWV�WKH���WK�DQG���WK�SHUFHQWLOH�ORQJLWXGLQDO�SORWV�RI�WKH�SUH�
YHUVXV�SRVW�SURMHFW�'2�FKDQJHV�E\�ULYHU�PLOH�DORQJ�WKH�)URQW��0LGGOH��%DFN��DQG
/LWWOH�%DFN�5LYHUV�IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�FRQGLWLRQ���0RGHO�UHVXOWV�IRU�WKH
������FXELF�IHHW�SHU�VHFRQG�FDVH�VKRZ�WKH�ORFDOL]HG�QDWXUH�RI�WKH�'2�LPSDFWV���$ORQJ
WKH�)URQW�5LYHU��WKH�LQFUHDVHG�GHSWK�DQG��FRQVHTXHQWO\�KLJKHU�VWUDWLILFDWLRQ��FDXVH
ORFDO�UHGXFWLRQ�LQ�WKH�RYHUDOO�ZDWHU�FROXPQ�UHDHUDWLRQ�GXH�WR�D�UHGXFHG�YHUWLFDO
PL[LQJ�DQG�LQFUHDVHG�GLVWDQFH�IURP�WKH�ERWWRP�OD\HUV�WR�WKH�VXUIDFH���8S�WR�)RUW
-DFNVRQ��DW�*3$�����PRGHO�VLPXODWLRQV�VKRZHG�WKDW�WKH�GHHSHQLQJ�SURMHFW�PD\
LQFUHDVH�WKH���WK�SHUFHQWLOH�'2���,W�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�WKH�LQWHQVLILFDWLRQ�RI
WKH�VDOW�ZHGJH�EULQJV�D�ZDWHU�PDVV�ZLWK�OHVV�R[\JHQ�GHPDQG�DQG�KLJKHU�'2
FRQFHQWUDWLRQ�LQWR�WKH�V\VWHP���2Q�WKH�RWKHU�KDQG��WKH�ORZ�'2�SHDNV��VKRZQ�LQ�WKH
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��WK�SHUFHQWLOH�DUH�LQWHQVLILHG�E\�����PJ�/�DURXQG�)RUW�-DFNVRQ���,Q�WKH���WK
SHUFHQWLOH��WKH�LPSDFWV�LQFUHDVH�EHWZHHQ�50����DQG�50�������6WDWLRQ�*3$�����LQ�WKH
)URQW�5LYHU��ZLWK�D�PD[LPXP�LPSDFW�RI�����PJ�/���8SVWUHDP�RI�50�������'2
LPSDFWV�GHFUHDVH�XQWLO�50�����ZLWK�QR�LPSDFWV�EH\RQG�WKDW�UHJLRQ��

7KH�HIIHFWV�RI�KLJKHU�VWUDWLILFDWLRQ�DQG�UHGXFHG�PL[LQJ�DOVR�FDXVH�WKH�'2�GHPDQG
VXEVWDQFHV�WR�EH�PRUH�UHVWULFWHG�WR�WKH�)URQW�5LYHU���7KHUHIRUH��'2�FRQFHQWUDWLRQ�LQ
WKH�0LGGOH�DQG�/LWWOH�%DFN�5LYHUV��HVSHFLDOO\�DURXQG�WKH�61:5��VKRXOG�LQFUHDVH�DV�D
UHVXOW�RI�WKH�GHHSHQLQJ�SURMHFW���,Q�WKH�%DFN�5LYHU��'2�LPSDFWV�RI�DERXW�����PJ�/�DUH
OLPLWHG�WR�50����

)LJXUH������SUHVHQWV�WKH���WK�DQG���WK�SHUFHQWLOH�ORQJLWXGLQDO�SORWV�RI�WKH�SUH�
YHUVXV�SRVW�SURMHFW�'2�FKDQJHV�E\�ULYHU�PLOH�DORQJ�WKH�)URQW��0LGGOH��%DFN��DQG
/LWWOH�%DFN�5LYHUV�IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�FRQGLWLRQ���0RGHO�UHVXOWV�IRU
������FXELF�IHHW�SHU�VHFRQG�VKRZ�D�VSDWLDO�GLVWULEXWLRQ�RI�LPSDFWV�WKDW�LV�VLPLODU�WR
WKH�������FXELF�IHHW�SHU�VHFRQG�FRQGLWLRQ���$V�D�UHVXOW�RI�WKH�EDODQFH�EHWZHHQ
VWUDWLILFDWLRQ�DQG�IOXVKLQJ��WKH���WK�SHUFHQWLOH�VKRZV�QRW�RQO\�VPDOOHU�LPSDFWV�EXW
DOVR�WKDW�WKH\�DUH�FRQILQHG�WR�DURXQG�50����LQ�WKH�)URQW�5LYHU���7KH���WK�SHUFHQWLOH
LPSDFWV�VKRZ�WKDW�'2�FRQFHQWUDWLRQ�LQ�WKH�YLFLQLW\�RI�50����VKRXOG�EH�UHGXFHG�E\
XS�WR�����PJ�/�

)LJXUH������SUHVHQWV�WKH���WK�DQG���WK�SHUFHQWLOH�ORQJLWXGLQDO�SORWV�RI�WKH�SUH�
YHUVXV�SRVW�SURMHFW�'2�FKDQJHV�E\�ULYHU�PLOH�DORQJ�WKH�)URQW��0LGGOH��%DFN��DQG
/LWWOH�%DFN�5LYHUV�IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�FRQGLWLRQ���6LPLODU�WR�VDOLQLW\�
WKH�ORZ�IORZ�VLPXODWLRQ�DOVR�VKRZV�KLJKHU�'2�LPSDFWV�LQ�WKH�0LGGOH�DQG�/LWWOH
%DFN�5LYHUV�DV�D�UHVXOW�RI�UHGXFHG�IOXVKLQJ�FDSDELOLW\�RI�WKH�V\VWHP���,Q�WKH�0LGGOH
5LYHU��'2�LPSDFWV�FDQ�UHDFK�DV�IDU�DV�50�������ZKLOH�LQ�WKH�/LWWOH�%DFN�5LYHU��D
ORFDOL]HG�'2�LPSDFW�RI�DERXW�����PJ�/�ZDV�LGHQWLILHG�LQ�WKH���WK�SHUFHQWLOH�DURXQG
50������7KH�VDOLQLW\�WUDQVSRUW�PHFKDQLVP�WKURXJK�5LIOH�&XW��LGHQWLILHG�LQ�6HFWLRQ
��������PD\�DOVR�EH�UHVSRQVLEOH�IRU�WKHVH�ORZ�IUHTXHQF\�HYHQWV�

������� 'LVVROYHG�2[\JHQ�5HVWRUDWLRQ

7KH�0DQXIDFWXUHU·V�&RXQFLO�RI�WKH�6DYDQQDK�&KDPEHU�RI�&RPPHUFH�H[SUHVVHG
FRQFHUQ�IRU�WKH�HIIHFW�RQ�GLVVROYHG�R[\JHQ�OHYHOV�GLVFORVHG�LQ�WKH�'UDIW
(QYLURQPHQWDO�,PSDFW�6WDWHPHQW���7KLV�GRFXPHQW�SUHGLFWHG�XS�WR��PJ���GHFUHDVH
LQ�WKHVH�OHYHOV�EDVHG�RQ�WKH�PRGHOLQJ�DSSOLFDWLRQ�XVHG�IRU�HYDOXDWLRQ���7KHUHIRUH�
WKH�LPSDFW�RI�WKLV�GHHSHQLQJ�ZLOO�EH�DGGUHVVHG�E\�PLWLJDWLQJ�WKH�FKDQJH�LQ
GLVVROYHG�R[\JHQ�OHYHOV���5HFRJQL]LQJ�WKH�QHHG�WR�DGGUHVV�WKLV�FKDQJH�IRU�SODQ
IRUPXODWLRQ�DQG�DXWKRUL]DWLRQ��LQVWDOODWLRQ�RI�DQ�DHUDWLRQ�V\VWHP��DVVXPHG�DV�D
PHWKRG�WR�UHVWRUH�WKH�FKDQJH�LQ�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQ�FDXVHG�E\�WKH
GHHSHQLQJ�WR�WKH�ILQDOO\�VHOHFWHG�GHSWK��ZDV�LQFOXGHG�LQ�WKH�SURMHFW�

7KH�*$�'15�KDV�VWDWHG�WKDW�PLWLJDWLRQ�RI�GLVVROYHG�R[\JHQ�LPSDFWV�WR�WKH
6DYDQQDK�+DUERU�ZLOO�QHHG�WR�EH�UHVROYHG�SULRU�WR�LVVXDQFH�RI�WKH�6WDWH·V�����:DWHU
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4XDOLW\�&HUWLILFDWLRQ���7KH�SURSRVHG�SURMHFW�ZLOO�WDNH�VWHSV�WR�DYRLG��WKURXJK
PLWLJDWLRQ��WKH�GHFUHDVH�LQ�'LVVROYHG�2[\JHQ�WKDW�LV�SUHGLFWHG�WR�RFFXU�LQ�VRPH
DUHDV�RI�WKH�6DYDQQDK�5LYHU���2I�VSHFLDO�LQWHUHVW�LV�WKH�EHQHILW�WKDW�VXFK�D�PLWLJDWLRQ
IRU�'2�PLJKW�EH�WR��MXYHQLOH�VKRUWQRVH�VWXUJHRQ�KDELWDW�LQ�WKH�.LQJ·V�,VODQG�7XUQLQJ
%DVLQ��.,7%���

$�SUHOLPLQDU\�DVVHVVPHQW�RI�WKH�IHDVLELOLW\�RI�VXSSOHPHQWDO�R[\JHQDWLRQ�WR
PLWLJDWH�IRU�WKH�DQWLFLSDWHG�UHGXFWLRQ�LQ�'2�LQ�WKH�FKDQQHO�KDV�EHHQ�SUHSDUHG�E\
'U�5�6SHHFH��D�UHFRJQL]HG�H[SHUW�LQ�WKH�ILHOG��-XO\������������'U��6SHHFH·V�DQDO\VLV�
ZKLFK�ZDV�SHUIRUPHG�DW�WKH�OHYHO�RI�FRQFHSWXDO�GHVLJQ��FRQFOXGHV�WKDW�VXSSOHPHQWDO
R[\JHQDWLRQ�RI�WKH�FKDQQHO�LV�WHFKQRORJLFDOO\�IHDVLEOH���7KH�WHFKQRORJ\�IRU
VXSSOHPHQWDO�R[\JHQDWLRQ�LV�PDWXUH�DQG�SURMHFWV�XVLQJ�R[\JHQDWLRQ�WHFKQRORJLHV�LQ
R[\JHQ�GHILFLHQW�ZDWHU�ERGLHV�KDYH�EHHQ�LQ�RSHUDWLRQ�LQ�*HRUJLD��$ODEDPD�
&DOLIRUQLD�DQG�HOVHZKHUH���$�FXUVRU\�H[DPLQDWLRQ�RI�DOWHUQDWLYHV�WR�DYHUW�D�'2
GHFUHDVH�DOVR�VKRZV�SURPLVH���7KHUHIRUH��WKH�PHWKRGV�GHVFULEHG�E\�'U��6SHHFH��DV
ZHOO�DV�RWKHU�PHWKRGV�RI�PLWLJDWLRQ��VXFK�DV�HQKDQFHG�WUHDWPHQW�WR�ORZHU�R[\JHQ
GHPDQG�LQ�WKH�ULYHU��VKDOO�EH�H[DPLQHG�LQ�WKH�QH[W�SKDVH�RI�WKH�SURMHFW�VWXG\���7KH
IHDVLELOLW\�RI�HDFK�DOWHUQDWLYH��HQYLURQPHQWDO�VXLWDELOLW\��DQG�FRVWV�DUH�LVVXHV�WKDW
ZLOO�UHTXLUH�H[SHUW�DQDO\VLV�DQG�HYDOXDWLRQ��DQG�ZLOO�WKHUHIRUH�EH�XQGHUWDNHQ�LQ�WKH
&('�SKDVH�LQ�GHYHORSPHQW�RI�WKH�ILQDO�PLWLJDWLRQ�SODQ���+RZHYHU��EDVHG�RQ�D
SUHOLPLQDU\�HQJLQHHULQJ�LQTXLU\�WKH�FRQFOXVLRQ�PD\�EH�GUDZQ�WKDW�DOWHUQDWLYHV�WR
PLWLJDWH�IRU�GHFUHDVH�LQ�'2�DUH�IHDVLEOH�DQG�SUDFWLFDEOH�

��� :DWHU�6XSSO\�6RXUFHV

����� *URXQG�:DWHU

'XH�WR�FRQFHUQV�WKDW�GHHSHQLQJ�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�FKDQQHO�PLJKW�KDYH
SRWHQWLDO�LPSDFWV�RQ�JURXQG�ZDWHU�DTXLIHUV�EHORZ�WKH�FKDQQHO��D�VWXG\�ZDV�LQLWLDWHG
WR�HYDOXDWH�WKH�SRVVLEOH�LPSDFWV����7KH�SULQFLSDO�REMHFWLYH�RI�WKH�LQYHVWLJDWLRQ�ZDV�WR
EHWWHU�FKDUDFWHUL]H�WKH�JHRORJLF�DQG�K\GURJHRORJLF�IUDPHZRUN�RI�WKH�SURMHFW�DUHD
WKURXJK�WKH�XVH�RI�D�VXEERWWRP�JHRSK\VLFDO�VXUYH\��ERUHKROH�FRUH�GULOOLQJ��ERUHKROH
JHRSK\VLFDO�ORJJLQJ��SHUPHDELOLW\�DQDO\VLV�RI�FRUH�VDPSOHV��DQG�WHVW�ZHOO
LQVWDOODWLRQ����7KH�LQYHVWLJDWLRQ�SURYLGHG�WKH�PRVW�FRPSUHKHQVLYH�K\GURJHRORJLF
HYDOXDWLRQ�RI�SRWHQWLDO�LPSDFWV�WR�JURXQG�ZDWHU�UHVRXUFHV�E\�GUHGJLQJ�WR�EH
SHUIRUPHG�WR�GDWH�LQ�6DYDQQDK�+DUERU�

6LQFH�SUHYLRXV�VWXGLHV�KDYH�LQGLFDWHG�WKDW�DQ�DUHD�DORQJ�WKH�SUHVHQW�QDYLJDWLRQ
FKDQQHO�EHWZHHQ�DSSUR[LPDWH�ULYHU�6WDWLRQV��������DQG�²�������ZDUUDQWHG
SDUWLFXODU�DWWHQWLRQ��GXH�WR�D�JHQHUDO�ULVH�DQG�WKLQQLQJ�RI�VHGLPHQWV��DQG�WKH
H[LVWHQFH�RI�EXULHG�UHOLFW�VWUHDP�FKDQQHOV��WKH�PDMRU�IRFXV�RI�WKH�VWXG\��ZDV�LQ�WKLV
DUHD�RI�WKH�SURMHFW����7KLV�SRUWLRQ�RI�WKH�FKDQQHO�OLHV�URXJKO\�EHWZHHQ�WKH�,QWUDFRDVWDO
:DWHUZD\��,&::��DW�)LHOGV�&XW�DQG�WKH�DUHD�LPPHGLDWHO\�RIIVKRUH�IURP�7\EHH
,VODQG�
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$SSUR[LPDWHO\����PLOHV�RI�VXEERWWRP�JHRSK\VLFDO�VXUYH\LQJ�ZDV�SHUIRUPHG�DORQJ
DQG�DFURVV�WKH�FHQWHUOLQH�RI�WKH�SUHVHQW�QDYLJDWLRQ�FKDQQHO����6L[�FRUH�ERULQJV�ZHUH
GULOOHG�LQ�RU�QHDU�WKH�FKDQQHO��DQG���ERULQJV�ZHUH�GULOOHG�RQ�ODQG�QHDU�WKH�FKDQQHO���
)RXU�WHVW�ZHOOV�ZHUH�LQVWDOOHG�RQ�ODQG�DW���VLWHV�QHDU�WKH�FKDQQHO����:DWHU�TXDOLW\
DQDO\VLV�ZDV�SHUIRUPHG�RQ�JURXQG�ZDWHU�VDPSOHV�IURP�WKH���WHVW�ZHOOV��DQG
K\GUDXOLF�KHDG�GDWD�ZDV�FROOHFWHG���3HUPHDELOLW\�DQG�JUDLQ�VL]H�DQDO\VLV�ZDV
SHUIRUPHG�RQ����FRUH�VDPSOHV�IURP���ERULQJV�

7KH�VWXG\�JHQHUDOO\�IRFXVHG�RQ�WKH�XSSHU�����IHHW�RI�2OLJRFHQH��0LRFHQH��DQG
5HFHQW�WR�3OHLVWRFHQH�VHGLPHQWV�EHORZ�WKH�SURMHFW�DUHD��ZKLFK�LQFOXGHG�WKH�XSSHU
)ORULGDQ�DTXLIHU��2OLJRFHQH���DQG�D�]RQH�ZLWKLQ�WKH�ORZHU�0LRFHQH�GHVFULEHG�E\�D
*HRUJLD�*HRORJLF�6XUYH\�UHSRUW��&ODUNH�DQG�RWKHUV��������DV�WKH�´XSSHU�%UXQVZLFN
DTXLIHUµ�

$QDO\VLV�RI�GDWD�IURP�WKH�VWXG\�LQGLFDWHV�VHGLPHQWV�ZLWKLQ�WKH�ORZHU�0LRFHQH�
ZKHUH�WKH�´XSSHU�%UXQVZLFNµ�LV�VXSSRVHG�WR�RFFXU��ZHUH�FRQVLVWHQWO\�IRXQG�WR�EH
PRUH�OLNH�FRQILQLQJ�PDWHULDOV�WKDQ�DTXLIHU�PDWHULDOV����7KH�XSSHU�DQG�ORZHU�0LRFHQH
VHGLPHQWV�VKRXOG�EH�FRQVLGHUHG�DV�FRQILQLQJ�PDWHULDOV�IRU�WKH�)ORULGDQ�DTXLIHU
EHORZ����7KH�WKLFNQHVV�RI�WKH�FRPELQHG�XSSHU�DQG�ORZHU�0LRFHQH�FRQILQLQJ�XQLWV�
EHORZ�WKH�SURSRVHG�SURMHFW�GUHGJLQJ�GHSWK�RI�²���IHHW�0/:�LQ�WKH�VWXG\�IRFXV�DUHD�
ZDV�IRXQG�WR�UDQJH�IURP�DERXW����WR����IHHW��H[FHSW�LQ�FHUWDLQ�DUHDV�ZKHUH�UHOLFW
VWUHDP�FKDQQHOV�KDYH�FXW�GRZQ�LQWR�WKH�0LRFHQH�WR�DV�GHHS�DV�²���IHHW�0/:����,Q�WKH
UHPDLQLQJ�SURMHFW�DUHD��WKH�FRQILQLQJ�XQLW�WKLFNQHVV�EHORZ�����IHHW�0/:�LV�JHQHUDOO\
JUHDWHU�WKDQ����IHHW�DQG��LQ�WKH�XSSHU�UHDFKHV�RI�WKH�KDUERU��LV�RYHU�����IHHW�WKLFN�

'XH�WR�WKH�WKLFNQHVV�DQG�LPSHUPHDELOLW\�RI�WKH�0LRFHQH�FRQILQLQJ�XQLW��DQG�WKH
LPSHUPHDELOLW\�RI�WKH�LQ�ILOOLQJ�VHGLPHQWV�RI�WKH�UHOLFW�VWUHDP�FKDQQHOV��GUHGJLQJ�WR
WKH�SURSRVHG�SURMHFW�GHSWKV�ZLOO�KDYH�QR�QRWLFHDEOH�DIIHFW�RQ�WKH�TXDOLW\�DQG
TXDQWLW\�RI�JURXQG�ZDWHU�LQ�WKH�)ORULGLDQ�DTXLIHU�

����� ,PSDFWV�WR�&LW\�RI�6DYDQQDK�6XUIDFH�:DWHU�6XSSO\

6HFWLRQ�������LGHQWLILHG�SRWHQWLDO�LPSDFWV�RI�WKH�SURSRVHG�GHHSHQLQJ�WR�WKH�&LW\�RI
6DYDQQDK�:DWHU�6XSSO\�GXH�WR�LQFUHDVHV�LQ�WKHLU�SUHVHQW�OHYHOV�RI�FKORULGHV���7KH
ZDWHU�LQWDNH�IRU�WKH�3ODQW�LV�ORFDWHG�RQ�$EHUFRUQ�&UHHN��D�WULEXWDU\�RI�WKH�6DYDQQDK
5LYHU�LPPHGLDWHO\�XSVWUHDP�IURP�WKH�,����%ULGJH��50�������7KH�&LW\�RI�6DYDQQDK
SURYLGHV�ZDWHU�WR�YDULRXV�LQGXVWULHV�LQ�WKH�UHJLRQ���8QGHU�WKHLU�SUHVHQW�FRQWUDFW�
WKH\�DUH�UHTXLUHG�WR�SURYLGH�ZDWHU�ZLWK�FKORULGH�FRQFHQWUDWLRQV�OHVV�WKDQ����PJ�/�

$QDO\VLV�RI�WKHLU�KLVWRULF�GDLO\�PHDVXUHPHQWV�LGHQWLILHG�WKDW��DW�SUHVHQW��WKHUH�DUH
WLPHV�ZKHQ�WKHLU�FKORULGH�FRQFHQWUDWLRQV�H[FHHG����PJ�/���,I�GHHSHQLQJ�RI�WKH
FKDQQHO�FUHDWHV�LQFUHDVHV�LQ�WKH�SUHVHQW�FKORULGH�OHYHOV�DW�WKH�LQWDNH��WKH�SHULRG�RI
WLPH�ZKHQ�WKH�&LW\�RI�6DYDQQDK�LV�LQ�YLRODWLRQ�RI�WKHLU�FRQWUDFW�ZLWK�ORFDO�LQGXVWULHV
ZLOO�LQFUHDVH�
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,Q�6HFWLRQ������WKH�LPSDFWV�RI�WKH�ODVW�GHHSHQLQJ�XSRQ�WKH�VDOLQLW\�OHYHOV�DW�WKH
*HRUJLD�+LJKZD\����%ULGJH�DORQJ�WKH�)URQW�5LYHU�ZDV�TXDQWLILHG���7KH�DQDO\VHV
LGHQWLILHG�WKDW�VDOLQLW\�LQWUXVLRQ�ZLWKLQ�WKH�)URQW�5LYHU�ZDV�LQFUHDVHG�GXH�WR�WKH
����IRRW�GHHSHQLQJ�ZKLFK�RFFXUUHG�LQ��������$�FRQFHUQ�LV�UDLVHG�DERXW�D�UHODWLYH
LQFUHDVH�LQ�FKORULGHV�WKDW�RFFXUUHG�DIWHU�WKH�SUHYLRXV�GHHSHQLQJ�SURMHFWV���$QDO\VLV
RI�WKH�&LW\�RI�6DYDQQDK�GDWD�GLG�QRW�LQGLFDWH�D�FOHDU�FRUUHODWLRQ�RI�FKORULGH�OHYHOV�DW
WKH�LQWDNH�WR�VDOLQLW\�LQFUHDVHV�FDXVHG�E\�WKH�ODVW�GHHSHQLQJ���3RUWLRQV�RI�$EHUFRUQ
ZHUH�GUHGJHG�EHWZHHQ�'HFHPEHU������DQG�0DUFK�������ZKLFK�ZRXOG�KDYH�DIIHFWHG
K\GUDXOLF�FRQGLWLRQV�DQG�PD\�KDYH�DIIHFWHG�FKORULGH�OHYHOV�DW�WKH�LQWDNH���%HFDXVH�RI
WKH�YDULDEOH�QDWXUH�RI�WKH�V\VWHP��DQG�WKH�PDQ\�IDFWRUV�WKDW�LQIOXHQFH�FKORULGHV��WKH
UHVXOWV�RI�WKHVH�DQDO\VHV�ZHUH�QRW�DEOH�WR�LVRODWH�DQ�LPSDFW�WR�WKH�&LW\·V�UDZ�ZDWHU
VRXUFH�

'XULQJ�WKH�SXEOLF�FRRUGLQDWLRQ�VHVVLRQV�IRU�WKLV�VWXG\��WKH�&LW\�RI�6DYDQQDK·V�:DWHU
'HSDUWPHQW�QRWHG�WKDW�FRQFHQWUDWLRQV�RI�FKORULGHV�DW�WKH�&LW\·V�ZDWHU�LQWDNH
LQFUHDVHG�DW�WKH�VDPH�WLPH�DV�WKH�SUHYLRXV�GUHGJLQJ�SURMHFW�WR�GHHSHQ�WKH�FKDQQHO
IURP����IHHW�WR����IHHW���7KH�:DWHU�'HSDUWPHQW�LV�FRQFHUQHG�WKDW�IXUWKHU�GHHSHQLQJ
ZLOO�LQFUHDVH�FKORULGH�OHYHOV�HYHQ�IXUWKHU���3ULRU�WR�WKH�ODVW�GHHSHQLQJ��WKH�FKORULGH
OHYHOV�PHDVXUHG�DW�WKH�LQWDNH�JHQHUDOO\�DYHUDJHG�����PJ�/���7KH�FKORULGH�OHYHOV
LQFUHDVHG�WR�D�PD[LPXP�RI����PJ�/�ZKHQ�ULYHU�IORZV�ZHUH�ORZ��DQG�GHFUHDVHG�WR
DERXW���PJ�/�ZKHQ�ULYHU�IORZV�ZHUH�KLJKHU���6XEVHTXHQW�WR�WKH�ODVW�GHHSHQLQJ�
FKORULGH�FRQFHQWUDWLRQ�UHDGLQJV�UDQJHG�IURP�KLJKV�RI����PJ�/�WR�ORZV�RI���PJ�/��
7KHVH�UHDGLQJV�DUH�ZHOO�EHORZ�WKH�(3$·V�6DIH�'ULQNLQJ�:DWHU�$FW�VWDQGDUGV�RI����
PJ�/���+RZHYHU��WKH�&LW\�UHSRUWV�WKDW�ZDWHU�VXSSOLHG�WR�LQGXVWULDO�SURFHVV�XVHUV
ZLWK�FRQFHQWUDWLRQV�DERYH����PJ�/�ZRXOG�LQFUHDVH�WKH�RSHUDWLRQDO�DQG
PDLQWHQDQFH�FRVWV�IRU�VRPH�RI�WKH�PDMRU�ZDWHU�XVHUV�LQ�WKH�DUHD�

2WKHU�WKDQ�WKH�WLPLQJ��WKHUH�DUH�QR�GDWD�WR�HVWDEOLVK�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS
EHWZHHQ�WKH�SUHYLRXV�GHHSHQLQJ�DQG�WKH�FKORULGH�LQFUHDVHV���7KH�&LW\�KDV
PHDVXUHPHQWV�RQO\�DW�WKH�LQWDNH�DQG�KDV�QR�PHDVXUHPHQWV�HLWKHU�XSVWUHDP�RU
GRZQVWUHDP���7KXV��LW�LV�QRW�SRVVLEOH�WR�GHWHUPLQH�WKH�VRXUFH�RI�WKH�FKORULGHV�
ZKHWKHU�FKORULGH�OHYHOV�DUH�FKDQJLQJ�HOVHZKHUH�LQ�WKH�ULYHU��WKH�HIIHFW�RI�IXUWKHU
GHHSHQLQJ�RQ�FKORULGH�OHYHOV��RU�ZKDW�DOWHUQDWLYHV�PD\�EH�DYDLODEOH�WR�GHDO�ZLWK
FKDQJHV�LQ�FKORULGH�OHYHOV�HYHQ�LI�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�LV�GHWHUPLQHG�

7KH�*$�'15�KDV�VWDWHG�WKDW�PLWLJDWLRQ�RI�FKORULGH�LPSDFWV�RQ�WKH�&LW\·V�UDZ�ZDWHU
VXSSO\�ZLOO�EH�UHTXLUHG�DV�D�FRQGLWLRQ�RI�WKH�6WDWH·V�����:DWHU�4XDOLW\�&HUWLILFDWLRQ��
7KH�*3$�KDV�GHYHORSHG�D�SODQ�RI�VWXG\��ZKLFK�KDV�EHHQ�FRRUGLQDWHG�ZLWK�WKH�&LW\
WR�GHWHUPLQH�������ZKHWKHU�WKHUH�LV�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�EHWZHHQ�FKDQQHO
GHHSHQLQJ�DQG�FKORULGH�OHYHOV��LI�VR������ZKDW�WKH�DFWXDO�LPSDFWV�WR�LQGXVWU\�PLJKW
EH��DQG��LI�WKHUH�DUH�LPSDFWV������ZKDW�PLJKW�EH�GRQH�WR�HDVH�WKRVH�LPSDFWV���7KH
UHVXOWV�RI�WKLV�VWXG\�ZLOO�EH�UHSRUWHG�WR�WKH�&LW\�LQ�D�ILQDO�UHSRUW�DORQJ�ZLWK
UHFRPPHQGDWLRQV��
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,I�DQ�LQFUHDVH�LQ�FKORULGH�FRQFHQWUDWLRQV�LV�LGHQWLILHG�DV�KDYLQJ�DQ�DGYHUVH�HIIHFW�RQ
LQGXVWULDO�ZDWHU�XVHUV��WKH�HIIHFW�PD\�EH�DGGUHVVHG�E\�UHORFDWLRQ�RI�WKH�ZDWHU�LQWDNH
WR�D�ORFDWLRQ�RI�PRUH�IDYRUDEOH�FKORULGH�FRQFHQWUDWLRQV���7KH�&LW\�LV�DOVR�FRQVLGHULQJ
LPSOHPHQWDWLRQ�RI�D�SODQ�GHYHORSHG�LQ�D�UHFHQW�86$&(�VWXG\�WR�UHVWRUH�ULYHU�IORZV
WR�D�SRUWLRQ�RI�WKH�6DYDQQDK�5LYHU�HVWXDU\���:KLOH�WKH�VWXG\�ZDV�GRQH�DV�DQ
HQYLURQPHQWDO�UHVWRUDWLRQ�SURMHFW��WKH�ZDWHU�PDQDJHPHQW�WHFKQLTXHV�LQYROYHG
ZRXOG�LQFUHDVH�IORZV�DW�WKH�ORFDWLRQ�RI�WKH�ZDWHU�LQWDNH�DQG�ZLOO�DOVR�DIIHFW�FKORULGH
FRQFHQWUDWLRQV�LQ�WKH�&LW\·V�UDZ�ZDWHU�

��� )LVKHULHV

����� 6WULSHG�%DVV

������� 0RGHOLQJ�3UHGLFWLRQV�RI�3RWHQWLDO�,PSDFWV�RQ�6WULSHG�%DVV

7KH�FDOLEUDWHG�K\GURG\QDPLF�PRGHO�ZDV�XVHG�WR�LQYHVWLJDWH�SRWHQWLDO�LPSDFWV�RQ
WKH�VWULSHG�EDVV�SRSXODWLRQ�XQGHU�SURMHFW�FRQGLWLRQV���2I�SDUWLFXODU�LPSRUWDQFH�ZDV
WKH�SUHGLFWLRQ�DQG�HYDOXDWLRQ�RI�VDOLQLW\�DQG�'2�FKDQJHV�WKDW�FRXOG�DIIHFW�FULWLFDO
OLIH�VWDJHV�RI�WKH�VWULSHG�EDVV���7KH�GHHSHQLQJ�SURMHFW�ZRXOG�QRW�SRVH�DQ\
LQWHUIHUHQFH�WR�WKH�PLJUDWRU\�SDWK�RI�WKH�VWULSHG�EDVV�VLQFH�WKHVH�PRYHPHQWV�RFFXU
XSULYHU��KHQFH��RXWVLGH�RI�WKH�SURMHFW�DUHD��

7KH�PDMRU�LVVXH�ZLWK�UHVSHFW�WR�WKH�VWULSHG�EDVV�LV�DQ\�SRWHQWLDO�LPSDFW�WR�WKH
UHFRYHU\�HIIRUWV�DLPHG�DW�LQFUHDVLQJ�VSDZQLQJ�UDWHV�WR�SUH�WLGH�JDWH�OHYHOV���+HQFH�
WKH�SDUDPHWHUV�WKDW�ZHUH�H[DPLQHG�ZHUH�WKRVH�GHHPHG�WR�EH�RSWLPDO�IRU�VSDZQLQJ
DQG�HJJ�VXUYLYDO���7KHVH�SDUDPHWHUV�DUH�VDOLQLW\�DQG�'2��HVSHFLDOO\�VDOLQLW\��ZKLFK�LV
OHWKDO�WR�HJJV�DW�ORZ�FRQFHQWUDWLRQV���7KH�PRGHOLQJ�UHVXOWV�VKRZ�WKH�PD[LPXP
LPSDFW�VFHQDULR�WKDW�ZRXOG�RFFXU�LI�WKH�0LGGOH�5LYHU�LV�QRW�FORVHG�RII�IURP�WKH�)URQW
5LYHU���%\�FORVLQJ�WKH�0LGGOH�5LYHU��VDOLQLW\�HIIHFWV�LQ�WKH�0LGGOH�DQG�%DFN�5LYHUV
ZLOO�EH�DYRLGHG�

������� 6SHFLHV�(QYLURQPHQWDO�7ROHUDQFHV

6WULSHG�EDVV�VSDZQLQJ�RFFXUV�EHWZHHQ�HDUO\�0DUFK�DQG�HDUO\�0D\����7KH�SULPDU\
VSDZQLQJ�ORFDWLRQV�DUH�50����WR����LQ�WKH�)URQW�5LYHU�DQG�50�����DQG�DERYH��LQ�WKH
%DFN�5LYHU���1XUVHU\�KDELWDWV�DUH�IRXQG�LQ�WKH�%DFN�5LYHU��50����WR�����DQG�RQ�WKH
)URQW�5LYHU��50������WR���������2I�WKH�´\RXQJ�RI�WKH�\HDUµ�����SHUFHQW�ZHUH�IRXQG�LQ
WKH�%DFN�5LYHU��:$OOLQ�HW�DO�����������6SDZQLQJ�RFFXUV�PDLQO\�LQ�EULHI�SXOVHV��HDFK
ODVWLQJ�IURP�RQH�WR�VHYHUDO�GD\V����7KLV�SURGXFHV�SHDNV�RI�KLJK�HJJ�SURGXFWLRQ�DQG
QRW�DQ�HYHQO\�GLVWULEXWHG�FRXQW�WKDW�ZRXOG�RFFXU�LI�WKH�HJJ�SURGXFWLRQ�ZHUH
FRQWLQXRXV��0�-���9DQ�'HQ�$Y\OH��3DJHV������

6WULSHG�EDVV�HJJV�GHSHQG�RQ�ZDWHU�FXUUHQWV�WR�EXR\�WKHP�GXULQJ�LQFXEDWLRQ��%D\OHVV
�������UHSRUWHG�GHYHORSPHQW�WLPH�WR�KDWFKLQJ�DW����KRXUV���$�PRUH�UHFHQW�VWXG\�E\
6HW]OHU�HW�DO��������UHSRUWV�WKDW�KDWFKLQJ�WDNHV����WR����KRXUV�GHSHQGLQJ�RQ�ZDWHU
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WHPSHUDWXUH��ZLWK�PRUH�UDSLG�GHYHORSPHQW�DW�KLJKHU�WHPSHUDWXUHV����+DWFKHG�ODUYDH
DOVR�DUH�VXEMHFWHG�WR�WUDQVSRUW�E\�ZDWHU�FXUUHQWV�XQWLO�WKHLU�VZLPPLQJ�DELOLWLHV�DUH
PRUH�GHYHORSHG�DW���WR���GD\V�ROG����(JJV�H[SHULHQFH�XSULYHU�WUDQVSRUWDWLRQ�ZLWK�WKH
IORRGLQJ�WLGH�DQG�GRZQULYHU�WUDQVSRUWDWLRQ�ZLWK�WKH�HEELQJ�WLGH����7KH�QHW�WUDQVSRUW
LV�GRZQVWUHDP��

6WXGLHV�LQGLFDWH�WKDW��LI�HJJV�HQFRXQWHU�VDOLQLW\�DERYH�WKH�UHSRUWHG�RSWLPDO�UDQJH�RI
����WR�����SSW��WKH\�PD\�QRW�KDWFK��(���6HW]OHU�HW�DO�����������+RZHYHU��5HLQHUW�HW�DO��
�������UHSRUWHG�WKDW�HJJV�ZHUH�FRQVLVWHQWO\�FROOHFWHG�DW�ORFDWLRQV�ZLWK�]HUR�RU
QHDU�]HUR�VDOLQLW\���:DOOLQ�DQG�9DQ�'HQ�$Y\OH��������GHVFULEHV�HJJ�GHYHORSPHQW�E\
DVVLQJQLQJ�DQ�HJJ�WR�RQH�RI�ILYH�VWDJHV�GHVFULEHG�LQ�%D\OHVV�������DQG�IXUWKHU
GHVFLEHG�LQ�9DQ�'HQ�$Y\OH�HW�DO���������%D\OHVV·V�VWDJHV�DUH�EDVHG�RQ�HJJ�DJH�LQ
KRXUV�DIWHU�IHUWLOL]DWLRQ�������KRXUV��VWDJH�����������KRXUV��VWDJH�����������KRXUV��VWDJH
����������KRXUV��VWDJH�����������KRXUV��VWDJH������:DOOLQ�DQG�9DQ�'HQ�$Y\OH�������
UHSRUWV�WKDWQR�HJJV�LQ�WKH�HDUO\�VWDJHV�RI�GHYHORSPHQW�ZHUH�FROOHFWHG�DW�VLWHV�ZKHUH
VDOLQLW\�H[FHHGHG�����SSW����7KHUHIRUH��WR�HYDOXDWH�WKH�LPSDFW�RI�FKDQJHV�LQ�VDOLQLW\��D�PRGHO
VLPXODWLRQ�FULWHULRQ�RI�����SSW�ZDV�FKRVHQ�WR�EH�D�FULWLFDO�FRQGLWLRQ�IRU�VSDZQLQJ���0RGHO
VLPXODWLRQ�FULWHULD�DUH�VXPPDUL]HG�LQ�7DEOH������

7DEOH�����0RGHO�6LPXODWLRQ�&ULWHULD�IRU�6WULSHG�%DVV

2SWLPXP�&RQGLWLRQV�IRU�6WULSHG�%DVV�(JJV
'2��PJ�/� JUHDWHU�WKDQ����
6DOLQLW\��SSW� �����

6WULSHG�%DVV�6SDZQLQJ�6LWHV
%DFN�5LYHU��ULYHU�PLOHV� �����
6DYDQQDK�5LYHU��ULYHU�PLOHV� ���������

6HW]OHU�HW�DO����������UHSRUWV�RSWLPXP�'2�FRQFHQWUDWLRQ�LV�JUHDWHU�WKDQ�����PJ�/���
7KHUHIRUH��WKH�'2�PRGHO�VLPXODWLRQ�FULWHULRQ�ZDV�VHOHFWHG�WR�EH�����PJ�/�

������� 3UHVHQW�&RQGLWLRQV�8VHG�IRU�0RGHOLQJ�6LPXODWLRQ

*LYHQ�WKH�WLGDOO\�LQIOXHQFHG�FRQGLWLRQV�RI�WKH�6DYDQQDK�5LYHU��LW�ZDV�QRW
PHDQLQJIXO�WR�JLYH�D�IL[HG�YDOXH�WKDW�KDG�WR�EH�PHW�����SHUFHQW�RI�WKH�WLPH�ZLWKLQ
WKH�DUHDV�RI�FRQFHUQ�IRU�ILVK�VSDZQLQJ���7KH�VDOLQLW\�DQG�'2�YDOXHV�DUH�G\QDPLFDOO\
FKDQJLQJ�WKURXJKRXW�WKH�GD\�LQ�UHVSRQVH�WR�WLGHV��IUHVKZDWHU�IORZV�DQG�RWKHU
IDFWRUV���)XUWKHUPRUH��ELRORJLFDO�VSHFLHV�LQ�WKH�6DYDQQDK�5LYHU�GR�QRW�UHVSRQG�WR�D
VWHDG\�ZDWHU�TXDOLW\�FRQGLWLRQ��EXW�WR�G\QDPLFDOO\�FKDQJLQJ�FRQGLWLRQV���(VWXDULHV
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DUH�PRVW�VWUHVVIXO�V\VWHPV���7KHUHIRUH��WKH�PHWKRG�XVHG�ZDV�WR�UHQGHU�VDOLQLW\�DQG
'2�YDOXHV�IRU�JLYHQ�VWDWLRQV�DORQJ�WKH�5LYHU�DV�SHUFHQWLOHV��WKDW�LV��DV�YDOXHV�WKDW
ZRXOG�EH�SUHVHQW�IRU�D�SHUFHQWDJH�RI�WKH�WRWDO�WLPH���)RU�H[DPSOH��D�´��WK�SHUFHQWLOH
VDOLQLW\�YDOXHµ�PHDQV�WKDW�WKH�VDOLQLW\�LV�EHORZ�RU�OHVV�WKDQ�WKH�SUHGLFWHG�SSW�YDOXH���
SHUFHQW�RI�WKH�WLPH���)RU�'2���WKH�´��WK�SHUFHQWLOHµ�PHDQV�WKDW�WKH�'2�LV�DERYH�RU
JUHDWHU�WKDQ�WKH�JLYHQ�YDOXH����SHUFHQW�RI�WKH�WLPH��

0DNLQJ�XVH�RI�WKH�VFLHQWLILF�OLWHUDWXUH��FULWLFDO�VDOLQLW\�DQG�'2�FULWHULD�ZHUH
HVWDEOLVKHG�IRU�VWULSHG�EDVV�VSDZQLQJ�DQG�VKRUWQRVH�VWXUJHRQ�MXYHQLOHV���'DWD�DQG
VLPXODWLRQ�YDOXHV�IRU�D�JLYHQ�SHUFHQW�RI�WLPH�DOORZ�IRU�DQ�DVVHVVPHQW�RI�WKH�GXUDWLRQ
RI�WLPH�GXULQJ�ZKLFK�FULWLFDO�FULWHULD�DUH�H[FHHGHG�DQG�VWUHVVIXO�FRQGLWLRQV�DUH
SUHVHQW�IRU�WKH�VSHFLHV�LQ�TXHVWLRQ��

)RU�WKH�PRGHO�VLPXODWLRQV��SUHVHQW�DQG�IXWXUH�FRQGLWLRQV�RI�VWULSHG�EDVV�VSDZQLQJ
ZHUH�DQDO\]HG�DW�DQ�DYHUDJH�IORZ�UDWH�RI�������FXELF�IHHW�SHU�VHFRQG���6LPXODWLRQV
ZHUH�DOVR�SHUIRUPHG�IRU�DQ�H[WUHPH�ORZ�IORZ�RI�������FXELF�IHHW�SHU�VHFRQG�DQG
������FXELF�IHHW�SHU�VHFRQG���$OWKRXJK�WKH�IORZ�UDWH�IRU�WKH�VSDZQLQJ�WLPHV�FDQ�EH�DV
ORZ�DV�������FXELF�IHHW�SHU�VHFRQG��DW�WKLV�IORZ�UDWH��WKH�VDOLQLWLHV�LQ�WKH�DUHDV�RI
FRQFHUQ�ZRXOG�EH�VR�KLJK�WKDW�����SHUFHQW�HJJ�PRUWDOLW\�ZRXOG�RFFXU�WKURXJKRXW
PRVW�RI�WKH�KLVWRULFDO�VSDZQLQJ�ORFDWLRQV���7KHVH�IORZ�UDWHV�FRUUHVSRQG�WR�GURXJKW
\HDUV�DQG�ZRXOG�SUREDEO\�EH�FKDUDFWHULVWLF�RI�\HDUV�ZLWK�YHU\�VPDOO�HJJ�SURGXFWLRQ�
�3UHYLRXV�UHVHDUFK�LQGLFDWHV�WKDW�ORZ�IORZ�UDWHV�GXULQJ�WKH�VSDZQLQJ�SHULRG�ZRXOG
EH�VKRUW�LQ�GXUDWLRQ��DQG�WKDW�D�PDMRULW\�RI�WKH�VSDZQLQJ�SHULRG�RFFXUUHG�DW�D�IORZ
UDWH�PRUH�FRQGXFLYH�WR�VSDZQLQJ���'DWD�IURP�9DQ�'HQ�$Y\OH�HW�DO����������VKRZ�WKDW
KLVWRULF�SHDNV�LQ�VSDZQLQJ�RFFXUUHG�ZKHQ�IORZ�UDWHV�ZHUH�KLJK�DQG�WKH�UHVXOWDQW
VDOLQLWLHV�ZHUH�QHDU�RU�DW�]HUR���7KHUHIRUH��WKH�������FXELF�IHHW�SHU�VHFRQG�IORZ�UDWH
XVHG�IRU�WKH�FULWLFDO�FRQGLWLRQ�ZDV�FKRVHQ�DV�D�FRQVHUYDWLYH�FULWLFDO�FRQGLWLRQ��

��������� ([LVWLQJ�&RQGLWLRQ��6DOLQLW\

7KH�VDOLQLW\�GDWD�SUHVHQWHG�RQ�7DEOH�����GHSLFW�WKH�H[LVWLQJ�VDOLQLW\�FRQGLWLRQV�DW
KLVWRULFDO�VSDZQLQJ�ORFDWLRQV��IRU�DQ�DYHUDJH��IORZ�RI�������FXELF�IHHW�SHU�VHFRQG���$V
VWDWHG�SUHYLRXVO\��D�VLQJOH�YDOXH�DW�D�JLYHQ�SRLQW�GRHV�QRW�SURYLGH�PXFK�LQVLJKW�LQWR
WKH�ZDWHU�TXDOLW\�ZLWKLQ�DQ\�SDUW�RI�WKLV�G\QDPLF�V\VWHP���+HQFH��WKH�VDOLQLW\�GDWD
DUH�SUHVHQWHG�DV�SHUFHQWLOHV��DV�YDOXHV�WKDW�DUH�QRW�H[FHHGHG�IRU�D�JLYHQ�GXUDWLRQ�RU
SHUFHQWDJH�RI�WLPH���7KH�PRGHO�VLPXODWLRQV�FDQ�EHVW�EH�GLVFXVVHG�LQ�WHUPV�RI��
GLVWLQFW�VSDZQLQJ�DUHDV�RQ�WKH�/LWWOH�%DFN�5LYHU��WKH�%DFN�5LYHU��WKH�0LGGOH�5LYHU�
DQG�WKH�)URQW�5LYHU�
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7DEOH������([LVWLQJ�%RWWRP�6DOLQLW\�DW�������FIV

5LYHU 3HUFHQWLOH��SSW�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

/LWWOH�%DFN�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

/XFNQRZ�&DQDO ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
86)	:�'RFN ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

%DFN�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ���� ��� ��� ��� ��� ��� ��� ��� ���

0LGGOH�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

)URQW�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ���� ��� ��� ��� ��� ��� ��� ��� ���

����������� /LWWOH�%DFN�5LYHU

)RU�������FXELF�IHHW�SHU�VHFRQG��DW�WKH���WK�SHUFHQWLOH��WKH�GDWD�LQGLFDWH�WKDW�IURP�50
�����WR������VDOLQLW\�GRHV�QRW�H[FHHG���SSW���,W�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�DW
WKH���WK�SHUFHQWLOH�WKH�ORZHVW�VDOLQLW\������SSW��RFFXUV�DW�WKH�QRUWKHUQ�HQG�RI�WKH�/LWWOH
%DFN�5LYHU��50���������2YHUDOO��DW�WKH���WK�SHUFHQWLOH��WKH�VDOLQLW\�UHPDLQV�ZLWKLQ�WKH
����WR�����SSW�UDQJH�XQWLO�50�������ZKHUH�LW�XQGHUJRHV�D�VLJQLILFDQW�LQFUHDVH�WR�D
FRQFHQWUDWLRQ�RI�����SSW���7KH�DUHD�ZKHUH�WKH�DEUXSW�LQFUHDVH�RFFXUV�LV�ZLWKLQ�WKH
YLFLQLW\�RI�5LIOH�&XW��D�FDQDO�WKDW�OLQNV�WKH�0LGGOH�5LYHU�WR�WKH�/LWWOH�%DFN�5LYHU���7KH
LQFUHDVH�LQ�VDOLQLW\�DW�WKLV�SRLQW�VKRZV�WKH�LQIOXHQFH�RI�WKH�KLJKHU�VDOLQLW\�ZDWHUV�RI
WKH�0LGGOH�5LYHU�HQWHULQJ�WKH�/LWWOH�%DFN�5LYHU���7KH�GXUDWLRQ�RI�WKLV�KLJKHU�VDOLQLW\
LV�VKRUW��LW�FRPHV�DV�D�VSLNH�FDXVHG�E\�D�WLGDO�IRUFLQJ�ZLWKLQ�WKH�0LGGOH�5LYHU���7KH
VKRUW�GXUDWLRQ�RI�WKH�SHDN�PD\�EH�DVFHUWDLQHG�E\�QRWLQJ�WKDW��DW�WKLV�SRLQW��DW�WKH
��WK�SHUFHQWLOH��WKH�VDOLQLW\�GURSV�GRZQ�WR�����SSW��DQG�DW�WKH���WK�SHUFHQWLOH�WR����
SSW���)RU�UHIHUHQFH��LW�VKRXOG�EH�QRWHG�WKDW�DOPRVW�DOO�RI�WKH�FXUUHQW�HJJ�SURGXFWLRQ
LQ�WKH�/LWWOH�%DFN�DQG�%DFN�5LYHU�DUHDV�RFFXUV�QRUWK�RI�50�����WKDW�LV�QRUWK�RI�WKH
5LIOH�&XW�´DQRPDO\µ�ZKHUH�VDOLQLW\�LV�QRUPDOO\�ZHOO�EHORZ���SSW��
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����������� %DFN�5LYHU

7KH�GDWD�VKRZ�WKDW�DW�WKH���WK�SHUFHQWLOH��WKH���SSW�VLPXODWLRQ�FULWHULRQ�IRU�HJJ
VSDZQLQJ�LV�H[FHHGHG�IURP�50������WR��������+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKH
G\QDPLF�YDULDELOLW\�LQ�VDOLQLW\�FRQFHQWUDWLRQ�DW�50���������$W�WKH���WK�SHUFHQWLOH
VDOLQLW\�LV�����SSW��D�YDOXH�WKDW�LV�QRW�FRQGXFLYH�WR�HJJ�VSDZQLQJ���+RZHYHU��DW�WKH
��WK�SHUFHQWLOH�WKLV�FRQFHQWUDWLRQ�LV�KDOYHG�WR�����SSW���ZKLOH�DW�WKH���WK�SHUFHQWLOH
VDOLQLW\�GURSV�GRZQ�WR�����SSW���7KH�FRPSOHWH�GDWD�IRU�WKLV�VWDWLRQ�VKRZ�D�PHDQ
VDOLQLW\�RI�����SSW�DQG�D�PD[LPXP�RI����SSW���,Q�RWKHU�ZRUGV��WKH�VDOLQLW\�LQ�WKLV�DUHD�
MXVW�EHORZ�5LIOH�&XW�LV�LQIOXHQFHG�E\�QDUURZ�DQG�KLJK�SHDNV�LQ�VDOLQLW\���7KHVH�SHDNV
VLJQLI\�KLJK�VDOLQLW\�SXOVHV�RI�VKRUW�GXUDWLRQ���)XUWKHU�GRZQULYHU��DW�50�������WKH
WLGDO�LQIOXHQFH�RQ�VDOLQLW\�LV�FOHDUO\�VKRZQ��LQ�WKDW�VDOLQLW\�UHPDLQV�RXWVLGH�WKH
VSDZQLQJ�UDQJH�IRU�ORQJ�WLPH�GXUDWLRQV���6DOLQLW\�LQ�WKLV�DUHD�GURSV�EHORZ���SSW�IRU
RQO\����SHUFHQW�RI�WKH�WLPH���7KH�HJJ�VXUYH\�GDWD�RI�����������VKRZHG�WKDW�OHVV�WKDQ
��SHUFHQW�RI�WRWDO�HJJ�SURGXFWLRQ�RFFXUUHG�ZLWKLQ�WKLV�DUHD��

����������� 0LGGOH�5LYHU

7KH�SUHVHQW�FRQGLWLRQV�RI�VDOLQLW\�DW�50������LV�����SSW�DW�WKH���WK�SHUFHQWLOH���7KH
DUHD�IDOOV�EHORZ���SSW�DW�WKH���WK�SHUFHQWLOH���8SULYHU�IURP�WKLV�VWDWLRQ�VDOLQLW\
GHFUHDVHV���$W�50�����VDOLQLW\�DW�WKH���WK�SHUFHQWLOH�LV�����SSW�DQG�����SSW�LQ�WKH���WK
SHUFHQWLOH�

����������� )URQW�5LYHU

7KH�GDWD�IRU�WKLV�VWUHWFK�RI�WKH�)URQW�5LYHU�VKRZ�WKDW�RQO\�WKH�PRVW�QRUWKHUQ�DUHD
DURXQG�50������DQG�XSULYHU�LV�ZHOO�ZLWKLQ�WKH���SSW�VDOLQLW\�UDQJH�DW�WKH���WK
SHUFHQWLOH���$W�50������WKH���SSW�FRQFHQWUDWLRQ�LV�RQO\�PHW����SHUFHQW�RI�WLPH��ZKLOH
DW�50�������WKH�FRQGLWLRQ�LV�PHW�RQO\����SHUFHQW�RI�WKH�WLPH���7KH�EHORZ���SSW
FRQFHQWUDWLRQV�DUH�QRW�UHJLVWHUHG�DV�SHDNV�RI�VKRUW�GXUDWLRQ��EXW�DUH�VWDEOH��ORQJ
ODVWLQJ�DQG�FKDUDFWHULVWLF�RI�WKH�ZDWHUV�LQ�WKLV�VWUHWFK�RI�WKH�)URQW�5LYHU���7KH�UHVXOWV
DUH�LQ�DFFRUGDQFH�ZLWK�ILHOG�VWXGLHV�RI�WKH�VSDWLDO�SDWWHUQV�RI�VWULSHG�EDVV�HJJ
DEXQGDQFH�LQ�WKH�6DYDQQDK�5LYHU��:DOLQ�HW�DO���������9DQ�'HQ�$YH\OH�HW�DO��������
5HLQHUW�HW�DO������������7KHVH�VWXGLHV�IRXQG�WKDW�VWULSHG�EDVV�HJJ�SURGXFWLRQ�LQ�WKH
)URQW�5LYHU�RFFXUV�EHWZHHQ�50����WR����DQG�XSULYHU��5HLQHUW�HW�DO����������DQ�DUHD
WKDW�W\SLFDOO\�KDV�VDOLQLWLHV�ZHOO�EHORZ���SSW���:LWK�WKH�VKDUS�UHGXFWLRQ�RI�VSDZQLQJ
LQ�WKH�KLVWRULF�EUHHGLQJ�JURXQGV�ZLWKLQ�WKH�/LWWOH�%DFN�5LYHU��WKLV�VWUHWFK�RI�WKH�)URQW
5LYHU�KDV�QRZ�EHFRPH�YHU\�LPSRUWDQW�IRU�VWULSHG�EDVV�UHSURGXFWLRQ���)LHOG
PRQLWRULQJ�IURP�����������IRXQG�WKDW�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�VWULSHG�EDVV
HJJV�SURGXFWLRQ�RFFXUUHG�LQ�WKLV�DUHD�

����������� 6DOLQLW\�DW�������DQG�������FIV�)ORZ�5DWH

7KH�H[LVWLQJ�GDWD�IRU�������FXELF�IHHW�SHU�VHFRQG�IRU�WKH�/LWWOH�%DFN�DQG�WKH�%DFN
5LYHU�VKRZ�D�GHFUHDVHG�VDOLQLW\�UHVXOWLQJ�IURP�WKH�JUHDWHU�DYHUDJH�IORZ�UDWH�DW�&O\R
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JDXJLQJ�VWDWLRQ��50�������$W�50�������DW�������FXELF�IHHW�SHU�VHFRQG��WKH���WK
SHUFHQWLOH�VDOLQLW\�LV�����SSW��ZKLOH�LQ�WKH�������FXELF�IHHW�SHU�VHFRQG�IORZ�LW�LV������
6LPLODUO\��DW�50�������DW�5LIOH�&XW��VDOLQLW\�LV�����SSW�DW�������FXELF�IHHW�SHU�VHFRQG�
ZKHUHDV�IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�IORZ�LW�LV���SSW���$�FRQWUDU\�WUHQG��RI
LQFUHDVLQJ�VDOLQLW\�RFFXUV�ZKHQ�IORZ�LV�UHGXFHG�WR�������FXELF�IHHW�SHU�VHFRQG���,Q
7DEOH������WKLV�PD\�EH�VKRZQ�E\�FRPSDULQJ���SRLQWV��JRLQJ�IURP�QRUWK�WR�VRXWK�
DORQJ�WKH�/LWWOH�%DFN�5LYHU�DQG�%DFN�5LYHU�

7DEOH�����6DOLQLW\�)ORZ�5DWH�&RPSDULVRQ

5LYHU ��WK�3HUFHQWLOH�6DOLQLW\��SSW��DW�)ORZ
6WDWLRQ 0LOH ������FIV ������FIV ������FIV

/LWWOH�%DFN�5LYHU ���� ��� ��� ���
$QG�%DFN�5LYHU ���� ��� ��� ���

���� ��� ��� ���

)URQW�5LYHU ���� ��� ��� ���
���� ��� ��� ���
���� ��� ���� ���

$W�WKH�KLJKHU�������FXELF�IHHW�SHU�VHFRQG�IORZ�UDWH��WKH�VDOLQLW\�DW�50�������ZKLFK�LV
VRXWK�RI�5LIOH�&XW���LV�����SSW�DV�FRPSDUHG�WR�����SSW�DW�WKH�������FXELF�IHHW�SHU
VHFRQG�IORZ���$W�50�������VDOLQLW\�IDOOV�WR�����SSW�DV�FRPSDUHG�WR������SSW�IRU�WKH
������FXELF�IHHW�SHU�VHFRQG�UDWH���(YHQ�DW�WKH�KLJKHU�IORZ��VDOLQLW\�LQ�WKH�GRZQULYHU
UHDFKHV�RI�WKH�%DFN�5LYHU��LQ�WKH�YLFLQLW\�RI�50�����H[FHHGV�WKH�VSDZQLQJ�WROHUDQFH�
FULWHULRQ�DV�D�IDLUO\�SHUPDQHQW�FRQGLWLRQ���,Q�WKLV�DUHD�VDOLQLW\�LV�DW�RU�EHORZ���SSW
RQO\����SHUFHQW�RI�WKH�WLPH���)XUWKHU�QRUWK��DW�50�������VDOLQLW\�LV�EHORZ�WKH�FULWLFDO
VSDZQLQJ�FULWHULRQ�DW�WKH���WK�SHUFHQWLOH��ZKHUHLQ�VDOLQLW\�GHFUHDVHV�WR�����SSW�DQG�DW
WKH���WK�SHUFHQWLOH�WR�����SSW���7KH�SDWWHUQ�RI�VKDUS�VSLNHV�RI�EULHI�GXUDWLRQ�DUH
FKDUDFWHULVWLF�RI�WKLV�DUHD�HYHQ�DW�WKH�KLJKHU�IORZV��

7KH�GDWD�LQGLFDWH�WKDW�LQ�WKH�H[LVWLQJ�FRQGLWLRQ��D�ORZ�IORZ��DSSUR[LPDWLQJ�D�VHYHUH
GURXJKW�\HDU��ZRXOG�SURGXFH�FRQGLWLRQV�DGYHUVH�WR�VSDZQLQJ�WKURXJKRXW�PRVW�RI
WKH�/LWWOH�%DFN�DQG�%DFN�5LYHU�DUHDV���$W�������FXELF�IHHW�SHU�VHFRQG��HYHQ�LQ�WKH
XSULYHU�SRUWLRQV�RI�WKH�/LWWOH�%DFN�5LYHU��WKH�����SSW�FULWLFDO�FRQGLWLRQ�LV�H[FHHGHG��

,Q�WKH�)URQW�5LYHU��DW�D�IORZ�RI�������FXELF�IHHW�SHU�VHFRQG��WKH�FULWLFDO���SSW�FULWHULRQ
DW�WKH���WK�SHUFHQWLOH�LV�H[FHHGHG���7KLV�LV�WKH�DUHD�ZKHUH�PRVW�RI�WKH�VWULSHG�EDVV
HJJ�SURGXFWLRQ�LV�RFFXUULQJ���$W�50������WKH���SSW�FULWHULRQ�ZRXOG�EH�H[FHHGHG
XQGHU�SUHVHQW�FRQGLWLRQV�XQWLO�WKH���WK�SHUFHQWLOH��ZKHUH�VDOLQLW\�GURSV�GRZQ�WR����
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SSW���7KH�GDWD�VKRZ�WKDW�WKH�KLJK�VDOLQLW\�FRQGLWLRQ��XQGHU�ORZ�FULWLFDO�IORZ��DW�DOO
WKUHH�)URQW�5LYHU�VWDWLRQV�LV�IDLUO\�VWDEOH�ZLWKRXW�VKDUS�SHDNV��LQGLFDWLQJ�ORQJ
GXUDWLRQ�DQG��KHQFH��ORQJ�H[SRVXUH�

��������� ([LVWLQJ�&RQGLWLRQ��'2

����������� /LWWOH�%DFN�5LYHU�DQG�%DFN�5LYHU

7DEOH�����FRQWDLQV�H[LVWLQJ�'2�&RQGLWLRQV���3UHVHQW�'2�FRQFHQWUDWLRQV�LQ�WKH�/LWWOH
%DFN�5LYHU�H[FHHG�WKH�����PJ�/�FULWHULRQ�DW�50�������,Q�WKH�%DFN�5LYHU�DW�50������
WKH�'2�FRQFHQWUDWLRQ�LV�����PJ�/�DW�WKH���WK�SHUFHQWLOH���'2�H[FHHGV�WKH�FULWHULRQ���
SHUFHQW�RI�WKH�WLPH�DW�WKLV�ORFDWLRQ����)XUWKHU�GRZQ�ULYHU�LQ�WKH�%DFN�5LYHU�DW�50
������WKH�'2�DW�WKH���WK�SHUFHQWLOH�LV�����PJ�/�DQG�DOVR�H[FHHGV�WKH�FULWHULRQ
���SHUFHQW�RI�WKH�WLPH�

7DEOH������([LVWLQJ�'2�&RQGLWLRQ

5LYHU 3HUFHQWLOH��PJ�/�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

/LWWOH�%DFN�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

%DFN�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

)URQW�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

1RWH�� 6� �6XUIDFH���0� �0LG�'HSWK���%� �%RWWRP

����������� )URQW�5LYHU

3UHVHQW�'2�FRQFHQWUDWLRQ�LQ�WKH�)URQW�5LYHU�DW�50������H[FHHGV�WKH�����PJ�/
FULWHULRQ����SHUFHQW�RI�WKH�WLPH���7KH�PDMRULW\�RI�WKH�VSDZQLQJ�LV�RFFXUV�DW�50�����
DQG�XSULYHU���$W�50�������'2�SUHVHQWO\�LV�EHORZ�WKH�����PJ�/�FULWHULRQ�DW�WKH���WK
SHUFHQWLOH��DOWKRXJK�LW�LV�DERYH�WKH�FULWHULRQ����SHUFHQW�RI�WKH�WLPH����)XUWKHU
GRZQULYHU��DW�50�������WKH�SUHVHQW�FRQGLWLRQ�LV�DERYH�WKH�FULWHULRQ����SHUFHQW�RI�WKH
WLPH�
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������� )XWXUH�&RQGLWLRQ�8VHG�IRU�0RGHOLQJ�6LPXODWLRQ

��������� )XWXUH�&RQGLWLRQ��3UHGLFWHG�6DOLQLW\�DW�������FIV

7KH�PRGHO�VLPXODWLRQV�IRU�WKH�SURMHFWHG���IRRW�GHHSHQLQJ�FRQGLWLRQ�XQGHU�D�IORZ
UDWH�RI�������FXELF�IHHW�SHU�VHFRQG�VKRZ�DQ�LQFUHDVH�LQ�VDOLQLW\�LQ��KLVWRULFDO
VSDZQLQJ�DUHDV���7KH�SDWWHUQ�RI�LQFUHDVH�LV�VKRZQ��RQ�)LJXUHV�����WKURXJK�����DQG
DUH�SUHVHQWHG�LQ�7DEOH�����

7DEOH�����3UHGLFWHG�6DOLQLW\�IRU�,PSDFWHG�&RQGLWLRQ�DW�������FIV

5LYHU 3HUFHQWLOH��SSW�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

/LWWOH�%DFN�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

/XFNQRZ�&DQDO ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
86)	:�'RFN ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

%DFN�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ���� ��� ��� ��� ��� ��� ��� ��� ���

0LGGOH�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� � ��� ��� ��� ��� ��� ��� ��� ���

)URQW�5LYHU
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$��� ���� ���� ��� ��� ��� ��� ��� ��� ��� ���

7KH�SUHGLFWHG�FKDQJHV�YDU\�WKURXJKRXW�WKH�KLVWRULFDO�VSDZQLQJ�ORFDWLRQV�DQG�DUH
SUHVHQWHG�EHORZ�E\�ORFDWLRQ���7KH�SHUFHQWLOH�ZKHUH�WKH�RSWLPXP�����SSW�FULWHULRQ
ZHUH�PHW�ZHUH�GHWHUPLQHG�E\�DGGLQJ�WKH�SUHGLFWHG�LQFUHDVH�LQ�VDOLQLW\�IRU�HDFK
SHUFHQWLOH�ZLWK�WKH�FRUUHVSRQGLQJ�H[LVWLQJ�VDOLQLW\�SHUFHQWLOHV�RI�D�VWDWLRQ�

7KH�SUHGLFWHG�FKDQJH�LQ�WKH�/LWWOH�%DFN�5LYHU��EHJLQQLQJ�IURP�WKH�QRUWK�DW�50�����
WR�50�������DW�WKH���WK�SHUFHQWLOH��IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�IORZ�UDWH��LV����
SSW���$W�WKH���WK�SHUFHQWLOH�WKH�DUHD�UHPDLQV�ZHOO�EHORZ���SSW�LQ�WKH�IXWXUH�FRQGLWLRQ�
��$W�50�������DW�5LIOH�&XW���DW�WKH���WK�SHUFHQWLOH�WKH���SSW�FULWHULRQ�LV�PHW���$JDLQ�
WKH�LQFUHDVH�DW�WKLV�VWDWLRQ�LV�SHDNHG��LQGLFDWLQJ�D�VKDUS�LQFUHDVH�IRU�D�VKRUW�WLPH
GXUDWLRQ���7KLV�PD\�EH�LOOXVWUDWHG�E\�QRWLQJ�WKDW�WKH�LQFUHDVH�LQ�VDOLQLW\�IURP�WKH
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��WK�WR���WK�SHUFHQWLOH�LV���IROG���7KLV�LQGLFDWHV�WKDW�WKH�LQFUHDVH�LV�QRW�VPRRWK��DQG
LQFUHPHQWDO��EXW�YHU\�DEUXSW���7KH�VSLNH��DV�SUHYLRXVO\�GLVFXVVHG��LV�FDXVHG�E\�WLGDO
IRUFLQJ�RI�PRUH�VDOLQH�ZDWHUV�WKDW�FRPH�VKRRWLQJ�WKURXJK�5LIOH�&XW�IURP�WKH�0LGGOH
5LYHU��

,Q�WKH�%DFN�5LYHU��VDOLQLW\�LQFUHDVHV�E\�����DW�50������DQG�UHDFKHV�WKH���SSW�FULWHULRQ
DW�WKH���WK�SHUFHQWLOH��ZKHUHDV�SULRU�WR�LPSDFW�LW�UHDFKHG�LW�DW�WKH���VW�SHUFHQWLOH����$W
50�������VDOLQLW\�LQFUHDVHV�E\�����SSW�DQG�DOZD\V�UHPDLQV�DERYH���SSW����7KHUHIRUH�
RSWLPDO�FULWHULRQ�IRU�VDOLQLW\�ZLOO�EH�PHW����SHUFHQW�RI�WKH�WLPH�LQ�WKH�LPSDFWHG
FRQGLWLRQ��DV�FRPSDUHG�WR����SHUFHQW�RI�WKH�WLPH�LQ�WKH�H[LVWLQJ�FRQGLWLRQ�

$W�50�����DW�WKH�PRVW�XSULYHU�HQG�RI�WKH�0LGGOH�5LYHU��DW�WKH���WK�SHUFHQWLOH��D����
SSW�VDOLQLW\�FKDQJH�LV�SUHGLFWHG���3UHVHQWO\��WKH�RSWLPDO�FULWHULRQ�RI���SSW�IRU�WKLV
VWDWLRQ�LV�PHW�DW�WKH���WK�SHUFHQWLOH��XQGHU�IXWXUH�FRQGLWLRQV�LW�LV�SUHGLFWHG�WR�EH�PHW
DW�WKH���UG�SHUFHQWLOH���)XUWKHU�GRZQULYHU��DW�50�������WKH�LQFUHDVH�LV�SUHGLFWHG�WR�EH
����SSW���7KH�RSWLPDO���SSW�FULWHULRQ�ZLOO�EH�PHW�DW�WKH���WK�SHUFHQWLOH��ZKHUHDV
SUHYLRXVO\�LW�KDG�EHHQ�PHW�DW�WKH���WK�SHUFHQWLOH���7KHUHIRUH��IRU�WKH�LPSDFWHG
FRQGLWLRQ��WKH�RSWLPDO�FULWHULRQ�RI�����SSW�DQG�EHORZ�ZLOO�EH�PHW����SHUFHQW�RI�WKH
WLPH�DW�50�����DQG����SHUFHQW�RI�WKH�WLPH�DW�50��������,Q�WKH�H[LVWLQJ�FRQGLWLRQ��WKH
RSWLPDO�FRQGLWLRQV�ZHUH�PHW�RYHU����SHUFHQW�RI�WKH�WLPH�DW�50�����DQG����SHUFHQW�RI
WKH�WLPH�DW�50������

,Q�WKH�)URQW�5LYHU��WKH�VDOLQLW\�DW�WKH���WK�SHUFHQWLOH�LQFUHDVHV�E\�����SSW�DW�50�����
DQG�VWD\V�EHORZ���SSW��DW�D�FRQFHQWUDWLRQ�RI�����SSW���7KLV�FHQWUDO�VSDZQLQJ�DUHD��DQG
WKH�XSULYHU�DUHDV��ZLOO�UHPDLQ�EHORZ���SSW�LQ�WKH�LPSDFWHG�FRQGLWLRQ�

��������� )XWXUH�&RQGLWLRQ��3UHGLFWHG�%RWWRP�'2�DW�������FIV

7R�DUULYH�DW�D�SHUFHQWDJH�RI�WLPH�ZKHQ�RSWLPDO�FRQGLWLRQV�DUH�PHW��WKH�PD[LPXP
GHFUHDVH�LQ�'2��WKH���WK�SHUFHQWLOH��ZDV�VXEWUDFWHG�IURP�H[LVWLQJ�FRQGLWLRQ
SHUFHQWLOHV�XQWLO�LW�PHW�WKH�����PJ�/�FULWHULRQ���,Q�VRPH�FDVHV��OLQHDU�LQWHUSRODWLRQ
ZDV�UHTXLUHG�

����������� /LWWOH�%DFN�5LYHU�DQG�%DFN�5LYHU

7KHUH�LV�D�SUHGLFWHG�LQFUHDVH�LQ�'2�RI�����PJ�/�DW�WKH���WK�SHUFHQWLOH�LQ�WKH�/LWWOH
%DFN�5LYHU��50��������,Q�WKH�%DFN�5LYHU�DW�50������WKHUH�LV�QR�SUHGLFWHG�FKDQJH�LQ
'2�IRU�WKH���WK�SHUFHQWLOH���7KH�ERWWRP�'2�LV�SUHGLFWHG�WR�EH�����PJ�/��WKH
DFFHSWDEOH�FULWHULRQ�����SHUFHQW�RI�WKH�WLPH���$W�50�������WKH�SUHGLFWHG�'2�ZLOO�EH����
PJ�/�IRU�WKH���WK�SHUFHQWLOH���7KH�'2�ZLOO�EH�HTXDO�WR�RU�JUHDWHU�WKDQ�WKH�DFFHSWDEOH
FULWHULRQ����SHUFHQW�RI�WKH�WLPH�DV�FRPSDUHG�WR����SHUFHQW�RI�WKH�WLPH�LQ�WKH�H[LVWLQJ
FRQGLWLRQ�
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����������� )URQW�5LYHU

7KHUH�LV�D�SUHGLFWHG�LQFUHDVH�LQ�'2�DW�50������RI�����PJ�/�DW�WKH���WK�SHUFHQWLOH��
7KH�DFFHSWDEOH�FULWHULD�ZHUH�DOUHDG\�OHVV�WKDQ�WKH�H[LVWLQJ�'2�DW�WKH���WK�SHUFHQWLOH�
����PJ�/���3HUFHQWLOHV�OHVV�WKDQ�WKH���WK�DUH�SUHGLFWHG�WR�KDYH�QR�FKDQJH�LQ�'2���7KH
SUHGLFWHG�GHFUHDVH�DW�50������LV�����PJ�/�IRU�WKH���WK�SHUFHQWLOH���3UHGLFWHG�ERWWRP
'2�LV�����PJ�/�DW�WKH���WK�SHUFHQWLOH���%RWWRP�'2�LV�HTXDO�RU�JUHDWHU�WKDQ�WKH
DFFHSWDEOH�FULWHULRQ����SHUFHQW�RI�WKH�WLPH���$W�50�������WKH�SUHGLFWHG�GHFUHDVH�LV����
PJ�/���3UHGLFWHG�QHDU�ERWWRP�'2�ZLOO�EH�����PJ�/�DW�WKH���WK�SHUFHQWLOH�DQG�ZLOO
EH�HTXDO�RU�JUHDWHU�WR�WKH�DFFHSWDEOH�FULWHULRQ����SHUFHQW�RI�WKH�WLPH�

7DEOH�����3UHGLFWHG�%RWWRP�'2�IRU�WKH�'HHSHQHG�&RQGLWLRQ�DW�������FIV

5LYHU 3HUFHQWLOH��PJ�/�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

/LWWOH�%DFN�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

%DFN�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

)URQW�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

1RWH�� 6� �6XUIDFH���0� �0LG�'HSWK���%� �%RWWRP

������� $YRLGDQFH�RI�,PSDFWV�WR�6WULSHG�%DVV�6SDZQLQJ�$UHDV

7KH�LPSDFWV�WR�VSDZQLQJ�VLPXODWLRQV�VKRZ�WKDW�WKHUH�ZLOO�EH�QR�LPSDFW�WKDW�ZRXOG
SRVH�D�GLUHFW�WKUHDW�WR�VWULSHG�EDVV�VSDZQLQJ�ZLWKLQ�WKH�/LWWOH�%DFN�5LYHU�DQG�%DFN
5LYHU�DUHDV���$V�SUHYLRXVO\�GLVFXVVHG��WKH�%DFN�5LYHU�LV�WKH�OHDVW�DIIHFWHG�E\�WKH
GHHSHQLQJ���7KH�DUHD�DW�5LIOH�&XW�PHHWV�WKH�RSWLPDO�FULWHULRQ�DW���WK�SHUFHQWLOH
ZKHUHDV�LQ�WKH�SUH�SURMHFW�SHULRG�LW�PHHWV�WKH�FULWHULRQ�DW�WKH���WK�SHUFHQWLOH���7KLV
SDUW�RI�WKH�/LWWOH�%DFN�5LYHU��50�������UHSUHVHQWV�DQ�LVRODWHG�´KRW�VSRWµ�LQ�ZKLFK�WKH
HIIHFWV�RI�WKH�0LGGOH�5LYHU��WUDQVPLWWHG�WKURXJK�5LIOH�&XW��DUH�FOHDUO\�PDQLIHVW���7KLV
ORFDOL]HG�KRW�VSRW�LV�RI�QRWH�EHFDXVH�LW�KDSSHQV�WR�EH�ULJKW�LQ�WKH�PLGGOH�RI�WKH
KLVWRULF�VSDZQLQJ�DUHD��
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$OWKRXJK�IORZ�WKURXJK�WKLV�FXW�KDV�RFFXUUHG�IRU�PDQ\�\HDUV��WKH�IORZ�PDJQLWXGH�
DQG�WKH�FRQFHQWUDWLRQV�RI�VDOLQLW\�WUDQVSRUWHG�IURP�WKH�0LGGOH�5LYHU��PD\�KDYH
FKDQJHG�GXH�WR�SDVW�SK\VLFDO�DOWHUDWLRQV����7KH�PDJQLWXGH�RI�IORZV�WKURXJK�5LIOH�&XW
LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�ODJ�LQ�WKH�WLGDO�ZDYH�DV�LW�PRYHV�XS�WKH�/LWWOH�%DFN
5LYHU�LQ�UHODWLRQ�WR�WKH�ZDYH�DV�LW�PRYHV�XS�WKH�)URQW�5LYHU��DQG�WKH�0LGGOH�5LYHU���
�3ULRU�WR�WKH�FRQVWUXFWLRQ�RI�WKH�WLGH�JDWH�WKH�GHSWKV�DORQJ�WKH�)URQW�5LYHU�ZHUH
VKDOORZHU��DQG�WKH�IORZV�RI�ZDWHU�DORQJ�WKH�%DFN�5LYHU�ZHUH�OHVV�UHVWULFWHG����7KH
GHHSHQLQJ�RI�WKH�)URQW�5LYHU�DV�ZHOO�DV�WKH�UHVWULFWLRQ�LQ�WKH�%DFN�5LYHU�GXH�WR�WKH
WLGH�JDWH�VWUXFWXUH��HYHQ�ZKHQ�RSHQ��PD\�KDYH�FDXVHG�WKH�IROORZLQJ�LPSDFWV���
'HHSHQLQJ�RI�WKH�)URQW�5LYHU�LQFUHDVHG�WKH�VSHHG�RI�WKH�ZDYH��ZKLOH�WKH�UHVWULFWLRQ
DW�WKH�WLGH�JDWH�GHFUHDVHG�WKH�VSHHG����7KLV�LQFUHDVH�LQ�ODJ�EHWZHHQ�WKH�WZR�ULYHU
DUPV�FUHDWHG�D�VWHHSHU�JUDGLHQW�DFURVV�5LIOH�&XW�DQG�LQFUHDVHG�IORZV���,Q�DGGLWLRQ�
GHHSHQLQJ�RI�WKH�)URQW�5LYHU�FDXVHG�WKH�VDOLQLW\�FRQFHQWUDWLRQV�DORQJ�WKH�XSSHU
)URQW�5LYHU�DQG�WKH�0LGGOH�5LYHU�WR�LQFUHDVH����7KLV�PHDQV�WKDW�YHORFLWLHV�DQG
VDOLQLWLHV�LQ�WKH�SRUWLRQ�RI�WKH�/LWWOH�%DFN�5LYHU�ZKHUH�KLVWRULF�VSDZQLQJ�RFFXUUHG
PD\�QRW�EH�WKH�VDPH�DV�WKDW�ZKLFK�H[LVWHG�SULRU�WR�WKH�WLGH�JDWH�FRQVWUXFWLRQ��WKXV
QRW�DOORZLQJ�VSDZQLQJ�WR�RFFXU�SUHVHQWO\��

&ORVXUH�RI�WKH�0LGGOH�5LYHU�IURP�WKH�)URQW�5LYHU�KDV�EHHQ�GHWHUPLQHG�WR�EH�D
SRWHQWLDO�RSWLRQ�IRU�DYRLGDQFH�RI�VDOLQLW\�LPSDFWV�WR�VWULSHG�EDVV�VSDZQLQJ�DUHDV�LQ
WKH�0LGGOH�DQG�%DFN�5LYHUV���&RQVWUXFWLRQ�RI�SOXJV�DW�WKH�ORZHU�HQG�RI�0LGGOH�5LYHU
DQG�DW�WKH�EHQG�DW�'UDNLHV�&XW�ZLOO�HOLPLQDWH�WKH�H[LVWLQJ�DQG�IXWXUH�IORZ�FRQGLWLRQV
WKDW�FDXVH�DQ�LQFUHDVH�LQ�VDOLQLW\�OHYHOV�LQ�WKH�0LGGOH�DQG�%DFN�5LYHUV�

7KH�)URQW�5LYHU�DUHD�ZKHUH�RYHU����SHUFHQW�RI�WKH�VSDZQLQJ�QRZ�RFFXU��DERYH�50
����ZLOO�UHPDLQ�EHORZ���SSW�VDOLQLW\�DQG�D�'2�DERYH���PJ�/���6LPLODUO\��WKH�DUHDV�LQ
WKH�/LWWOH�%DFN�5LYHU�ZKLFK�FXUUHQWO\�KDYH�VDOLQLWLHV�EHORZ���SSW�DQG�DUH�VXLWDEOH�IRU
VSDZQLQJ�DUH�SUHGLFWHG�WR�UHPDLQ�VR�DIWHU�WKH�SURMHFW���7KHUH�H[LVWV�D�FRQFHUQ�RI�HJJ
WUDYHO�WLPH�WR�DUHDV�RI�LQFUHDVHG�VDOLQLW\�LQ�WKH�)URQW�5LYHU��KRZHYHU��WKH�GRZQULYHU
DUHDV�RI�FRQFHUQ�DUH�WKRVH�DUHDV�WKDW�DOUHDG\�KDYH�VDOLQLWLHV�DERYH���SSW���7KH
SUHGLFWHG�VDOLQLW\�LQFUHDVHV�LQ�WKH�)URQW�5LYHU�ZRXOG�QRW�FUHDWH�DQ\�FKDQJH�WKDW
ZRXOG�VLJQLILFDQWO\�DFW�WR�UHGXFH�WKH�WUDYHO�WLPH�WR�ZDWHUV�ZLWK�OHWKDO�OHYHOV�RI
VDOLQLW\���7KH�SUREOHP�RI�UDSLG�HJJ�WUDQVSRUW�WR�DUHDV�RI�KLJK�VDOLQLW\�LQ�WKH�ORZHU
SDUW�RI�WKH�)URQW�5LYHU�KDV�ORQJ�EHHQ�QRWHG�DQG�WKLV�SURMHFW�ZRXOG�QRW�DIIHFW�PDWWHUV
LQ�WKLV�DUHD��

,Q�WKH�0LGGOH�5LYHU��WKH�PRGHO�VLPXODWLRQ��ZLWKRXW�FORVLQJ�WKH�0LGGOH�5LYHU�IURP
WKH�)URQW�5LYHU��VKRZV�DQ�LPSDFW�ZLWK�UHVSHFW�WR�RSWLPDO�FRQGLWLRQV�IRU�VSDZQLQJ��
7KH�RSWLPDO�FRQGLWLRQ�ZRXOG�EH�PHW�DW�WKH���WK�SHUFHQWLOH�DW�50�����ZKHUHDV�
SUHVHQWO\�LW�LV�PHW�DW�WKH���WK�SHUFHQWLOH����$V�SUHYLRXVO\�GLVFXVVHG��WKH�0LGGOH�5LYHU
LV�WKDW�SRUWLRQ�RI�WKH�V\VWHP�ZKHUH�WKH�VDOLQLW\�LQFUHDVH��GXH�WR�GHHSHQLQJ��LV
SURMHFWHG�WR�EH�PRVW�SURQRXQFHG��LI�WKH�FORVXUH�LV�QRW�FRQVWUXFWHG���
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��� )ORUD�DQG�)DXQD

,PSDFWV�WR�ZLOGOLIH�ZLWKLQ�WKH�SURMHFW�DUHD·V�GLVSRVDO�VLWHV�ZRXOG�QRW�EH�VLJQLILFDQW
DQG�ZRXOG�EH�DSSUR[LPDWHO\�WKH�VDPH�IRU�DOO�DOWHUQDWLYHV�XQGHU�FRQVLGHUDWLRQ�
LQFOXGLQJ�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH���

(QGDQJHUHG�DQG�7KUHDWHQHG�6SHFLHV

7KLV�VHFWLRQ�EULHIO\�GLVFXVVHV�SRWHQWLDO�LPSDFWV�WR�HQGDQJHUHG�DQG�WKUHDWHQHG
VSHFLHV���5HIHU�WR�(QFORVXUH�$��%$7(6�

,PSDFWV�WR�ZLOGOLIH�ZLWKLQ�WKH�SURMHFW�DUHD·V�GLVSRVDO�VLWHV�ZRXOG�QRW�EH�VLJQLILFDQW
DQG�ZRXOG�EH�DSSUR[LPDWHO\�WKH�VDPH�IRU�ERWK�DOWHUQDWLYHV�XQGHU�FRQVLGHUDWLRQ��

����� ,PSDFWV�WR�6KRUWQRVH�6WXUJHRQ

������� 'UHGJLQJ�,PSDFWV

6KRUWQRVH�VWXUJHRQ�PD\�EH�SUHVHQW�LQ�6DYDQQDK�+DUERU�GXULQJ�URXWLQH�PDLQWHQDQFH
GUHGJLQJ����6HYHUDO�ILHOG�VWXGLHV�LQGLFDWH�WKDW�WKH�FKDQQHO�DQG�WXUQLQJ�EDVLQ�GRZQ�WR
DERXW�50����LV�D�KDELWDW�IRU�VKRUWQRVH�VWXUJHRQ�RI�DOO�DJH�JURXSV�GXULQJ�SDUWV�RI�WKH
\HDU����,W�LV�QRW�NQRZQ�KRZ�H[WHQVLYHO\�WKH�FKDQQHOV�DQG�WXUQLQJ�EDVLQV�DUH�XVHG�DV
IHHGLQJ�DUHDV���7KHVH�DUHDV�DUH�URXWLQHO\�GUHGJHG�HYHU\�\HDU�DQG�WKH�SURSRVHG
SURMHFW�ZLOO�GHHSHQ�WKLV�DUHD�IXUWKHU����7KH�HIIHFWV�RI�GUHGJLQJ�RQ�EHQWKLF�RUJDQLVPV
RQ�ZKLFK�WKH�VKRUWQRVH�VWXUJHRQ�IHHGV�DUH�VXFK�WKDW�WKLV�DUHD�LV�QRW�H[SHFWHG�WR�EH
XVHG�H[WHQVLYHO\�IRU�IHHGLQJ�DIWHU�D�GUHGJLQJ�RSHUDWLRQ��

2YHUDOO�WKHUH�ZLOO�EH�YHU\�OLWWOH�HIIHFW�RQ�WKH�SURMHFW�PDLQWHQDQFH�GUHGJLQJ�VLQFH�WKH
VDPH�URXWLQH�DQG�WKH�VDPH�YROXPHV��H[FHSW�IRU�WKH�RQH�WLPH�GUHGJLQJ�YROXPH�RI
QHZ�PDWHULDOV��ZLOO�EH�GUHGJHG�LQ�WKH�:LWKRXW�3URMHFW�$OWHUQDWLYH�DV�ZHOO�DV�WKH
ZRUVW�FDVH�VFHQDULR����7KH�/706�VWXG\�VKRZHG�WKDW�YROXPHV�KDYH�UHDFKHG
HTXLOLEULXP��KDYH�UHPDLQHG�VWHDG\��DQG�ZLOO�QRW�LQFUHDVH�E\�D�GHHSHQLQJ�SURMHFW��

��������� 'LUHFW�,PSDFWV�IURP�WKH�'UHGJH

$GXOW�DQG�MXYHQLOH�VWXUJHRQV�DUH�EHOLHYHG�WR�EH�YHU\�PRELOH��HYHQ�ZKHQ�RFFXS\LQJ
UHVWLQJ�DUHDV�GXULQJ�WKH�VXPPHU�PRQWKV����7KH�SRWHQWLDO�IRU�WKH�DGXOW�DQG�MXYHQLOH
ILVK�EHLQJ�KLW�E\�WKH�FXWWHUKHDG�LV�YHU\�ORZ����+RZHYHU��WKHUH�KDYH�EHHQ�UHSRUWV�
IURP�RWKHU�GUHGJHG�ULYHUV��RI�VKRUWQRVH�VWXUJHRQ�EHLQJ�SXPSHG�LQWR�WKH�KRSSHUV���
7KH�VWXUJHRQ�HJJV��ZKLFK�DUH�QRW�PRELOH��ZRXOG�QRW�EH�LPSDFWHG�VLQFH�VSDZQLQJ
DQG�HJJ�DWWDFKPHQW�RFFXU�DW�50�����WR�����DQG�IURP�50�����WR������+DOO�HW�DO��
�������DQ�DUHD�ZHOO�XSVWUHDP�RI�WKH�SURMHFW��$�UHYLHZ�RI�WKH�UHFHQW�OLWHUDWXUH�VKRZV
WKDW�ODUYDH�KDELWDW�LV�SUHVHQWO\�XQNQRZQ�DQG�KHQFH�GLUHFW�GUHGJLQJ�LPSDFWV�RQ
ODUYDH��WKRXJK�LPSUREDEOH��FDQ�QRW�EH�GLVPLVVHG�ZLWK�FHUWDLQW\���7KH�GLUHFW�LPSDFWV
RI�GHHSHQLQJ�DQG�GUHGJLQJ�LQ�VKRUWQRVH�KDELWDW�LQ�WKH�YLFLQLW\�RI�.,7%��DQ�DUHD�WKDW
LV�XVHG�E\�WKH�ILVK�GXULQJ�VXPPHU�PRQWKV��DQG�QRQ�VSDZQLQJ�ILVK�IURP�)HEUXDU\
WKURXJK�0D\��LV�QRW�NQRZQ����%DVHG�RQ�SDVW�H[SHULHQFH��RQH�FRXOG�FRQFOXGH�WKDW
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VLQFH�ILVK�UHWXUQ�WR�WKHVH�DUHDV�HDFK�\HDU��DIWHU�GUHGJH�PDLQWHQDQFH�KDV�RFFXUUHG�
WKHQ�WKH\�ZLOO�FRQWLQXH�WR�GR�VR�LQ�WKH�IXWXUH����+RZHYHU��WKLV�FRQFOXVLRQ�FDQQRW�EH
GUDZQ��EHFDXVH�LQ�WKH�SUHVHQW�FRQGLWLRQ�WKH�ILVK�VHHN�RXW�GHHS�KROHV�ZKLFK�QRZ
H[LVW�LQ�WKH�YLFLQLW\�RI�IUHVKZDWHU�EUDFNLVK�ZDWHU�WUDQVLWLRQ�]RQH���7KH�HIIHFW�RI
GHHSHQLQJ�DQG�GUHGJLQJ�XS�WR�DSSUR[LPDWHO\�����IHHW�0/:�ZLWKLQ�WKH�VKRUWQRVH
VWXUJHRQ·V�KDELWDW�DW�WKH�.,7%��LV�QRW�NQRZQ��

��������� ,PSDFWV�'XH�WR�WKH�'UHGJH�3OXPH

6LQFH�VSDZQLQJ�RFFXUV�IDU�XSVWUHDP�RI�WKH�GUHGJLQJ�SURMHFW��LPSDFWV�WR�HJJV�DQG
ODUYDH�DUH�QRW�H[SHFWHG����+RZHYHU��WKHUH�LV�D�SRWHQWLDO�IRU�LPSDFWV�WR�MXYHQLOH�DQG
DGXOW�ILVK�IHHGLQJ�LQ�WKH�DUHD�RU�PLJUDWLQJ�WKURXJK�WKH�DUHD�WR�VSDZQ����)LVK�IHHGLQJ
LQ�WKH�DUHD��EHLQJ�PRELOH��FRXOG�DYRLG�WKH�GUHGJH�SOXPH�VLQFH�D�GUHGJH�FUHDWHV�D
JUHDW�GHDO�RI�QRLVH�ZKLOH�RSHUDWLQJ���)XUWKHUPRUH��LW�LV�OLNHO\�WKDW�WKH�VXVSHQGHG
VHGLPHQW�UDLVHG�E\�WKH�GUHGJH�GRHV�QRW�H[FHHG�WKH�KLJK�VXVSHQGHG�VHGLPHQW
ORDGLQJ�ZKLFK�RFFXUV�GXULQJ�VWRUP�HYHQWV��

6WXGLHV�SHUIRUPHG�E\�'U���'��)���+D\HV�LQ������RQ�D�K\GUDXOLF�FXWWHUKHDG�GUHGJH
RSHUDWLQJ�LQ�6DYDQQDK�+DUERU�LQGLFDWHG�WKDW�DYHUDJH�VXVSHQGHG�VHGLPHQW
FRQFHQWUDWLRQV�ZLWKLQ�������IHHW�RI�WKH�GUHGJH�ZHUH�JHQHUDOO\�UDLVHG�OHVV�WKDQ����
PJ�/�LQ�WKH�ORZHU�ZDWHU�FROXPQ�DQG�OHVV�WKDQ�����PJ�/�DQG����PJ�/�LQ�WKH
PLGGOH�DQG�XSSHU�ZDWHU�FROXPQ��UHVSHFWLYHO\���6DYDQQDK�5LYHU�KDV�D�QDWXUDOO\�KLJK
VXVSHQGHG�VHGLPHQW�ORDG�ZKLFK�GXULQJ�VWRUP�HYHQWV�LV�H[SHFWHG�WR�LQFUHDVH�ZHOO
EH\RQG�WKH�����PJ�/�LQFUHDVH�FUHDWHG�E\�D�K\GUDXOLF�GUHGJH����$OVR�GXULQJ�VWRUP
HYHQWV�WKH�KLJKHU�VXVSHQGHG�VHGLPHQW�ORDGV�ZRXOG�OLNHO\�EH�PRUH�XQLIRUP
WKURXJKRXW�WKH�ZDWHU�FROXPQ�GXH�WR�PL[LQJ�DV�WKH�SOXPH�SURFHHGV�GRZQVWUHDP���
7KHUHIRUH��WKH�VWXUJHRQ�ZRXOG�QRW�EH�DEOH�WR�PRYH�XS�LQ�WKH�ZDWHU�FROXPQ�WR�DYRLG
WKH�LQFUHDVHG�VHGLPHQW�ORDG�DV�LW�ZRXOG�EH�DEOH�WR�GR�LQ�D�GUHGJH�LQGXFHG�VLWXDWLRQ��

������� &ULWHULD�8VHG�IRU�0RGHOLQJ�,PSDFWV�WR�-XYHQLOH�6KRUWQRVH�6WXUJHRQ

��������� (QYLURQPHQWDO�7ROHUDQFHV

6KRUWQRVH�VWXUJHRQ�EHJLQ�XSVWUHDP�VSDZQLQJ�PLJUDWLRQV�LQ�PLG�)HEUXDU\�
GRZQVWUHDP�PLJUDWLRQV�HQG�LQ�PLG�0D\����6SDZQLQJ�RFFXUV�DW���ORFDWLRQV���DW�50
��������DQG�DW�50������������6SDZQLQJ�LV�QRW�OLNHO\�WR�EH�DIIHFWHG�E\�WKH�SURMHFW
EHFDXVH�LW�RFFXUV�XSULYHU��RXWVLGH�RI�WKH�DUHD�RI�WKH�SURSRVHG�DFWLRQ���3UHYLRXV
VWXGLHV��+DOO�HW�DO���������KDYH�LGHQWLILHG�WKH�IUHVKZDWHU�VDOWZDWHU�ERXQGDU\�DV�D
IHHGLQJ�JURXQG�IRU�MXYHQLOHV�DQG�DGXOWV�LQ�WKH�IDOO�DQG�ZLQWHU���$SSUR[LPDWHO\�����WR
����PLOHV�GRZQULYHU�RI�WKH�ERXQGDU\�UHJLRQ�LV�D�SUREDEOH�QXUVHU\�DUHD�IRU�MXYHQLOHV
�+DOO�HW�DO������������-XYHQLOHV�UHPDLQ�QHDU�WKH�IUHVKZDWHU�VDOWZDWHU�ERXQGDU\�DOO�\HDU
XQWLO�WKH\�PDWXUH�DQG�MRLQ�WKH�VSDZQLQJ�SRSXODWLRQ�PLJUDWLRQV����7KH�.,7%�KDV�EHHQ
LGHQWLILHG�DV�D�KDELWDW�WKDW�MXYHQLOHV�SUHIHU���&ROOLQV��������UHSRUWV�WKDW�WKH�PDLQ
FRQFHQWUDWLRQ�RI�MXYHQLOHV�IURP�)HEUXDU\�WR�0D\�LV�ORFDWHG�DW�.,7%��&ROOLQV�HW�DO��
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������3DJH�������'XULQJ�VXPPHU�PRQWKV��WKH�GHHSHU�UHJLRQV�RI�WKH�.,7%�QHDU�WKH
IUHVKZDWHU�VDOWZDWHU�ERXQGDU\�SURYLGH�D�ORFDWLRQ�IRU�MXYHQLOHV�WKDW�SUHVXPDEO\�DUH
VHHNLQJ�ORZHU�WHPSHUDWXUHV���$�OLWHUDWXUH�VHDUFK��XQGHUWDNHQ�IRU�WKH�SUHVHQW�VWXG\�
IDLOHG�WR�ORFDWH�DQ�RSWLPDO�WHPSHUDWXUH�GDWD�UDQJH�IRU�WKH�VKRUWQRVH�VWXUJHRQ
SRSXODWLRQ�ZLWKLQ�WKH�6DYDQQDK�5LYHU��

$V�SUHYLRXVO\�QRWHG��LQIRUPDWLRQ�RQ�VDOLQLW\�WROHUDQFH�IRU�VKRUWQRVH�VWXUJHRQ
MXYHQLOHV�LV�OLPLWHG���6WXGLHV�LQ�5XVVLD�RQ���VSHFLHV�RI�VWXUJHRQ�LQGLFDWH�WKDW�VDOLQLW\
WROHUDQFH�LQFUHDVHV�ZLWK�DJH�DQG�VL]H��.UD\XVKNLQD�DQG�'\XELQ����������([SHULPHQWV
KDYH�VKRZQ�WKDW�WKHUH�LV�LQFUHDVLQJ�WROHUDQFH�WR�VDOLQLW\�ZLWK�LQFUHDVLQJ�VL]H�DQG
DJH���:LQQ�HW�DO������������UHSRUW�WKDW�MXYHQLOH�VKRUWQRVH�VWXUJHRQ��LQ�WKHLU�ODERUDWRU\
VWXGLHV��ZHUH�PRVW�VHQVLWLYH�WR�VDOLQLWLHV�RI���SSW�DQG�DERYH�DQG�WKDW�PRUWDOLW\�RI
MXYHQLOH�VKRUWQRVH�VWXUJHRQ�FDQ�RFFXU�DW�VDOLQLW\�RI����SSW�DQG�KLJKHU����6HQVLWLYLW\�RI
MXYHQLOHV�WR�VDOLQLW\�DERYH���SSW�LQ�WKH�ODERUDWRU\�WROHUDQFH�WHVWV�VXJJHVW�WKDW
H[SRVXUH�WR�UDSLG�LQFUHDVHV�LQ�VDOLQLW\�FDQ�EH�OHWKDO�WR�MXYHQLOHV��DQG�FRXOG�SRVVLEO\
GLVSODFH�ILVK�IXUWKHU�XSVWUHDP�WR�OHVV�VDOLQH�ZDWHUV��:LQQ�HW�DO���3DJH������,Q�D
ODERUDWRU\�H[SHULPHQW�UHSRUWHG�E\�-HQNLQV�HW�DO�����������VXUYLYDO�RI�DOO�DJH�JURXSV�DW
VDOLQLWLHV�XS�WR���SSW�ZDV�H[FHOOHQW���$�VDOLQLW\�RI���SSW�DSSHDUHG�WR�EH�D�WKUHVKROG�DW
ZKLFK�VLJQLILFDQW�PRUWDOLWLHV�EHJDQ�WR�RFFXU��HVSHFLDOO\�DPRQJ�WKH�\RXQJHVW�ILVK���$
FRQFHQWUDWLRQ�RI���SSW�ZDV�VHOHFWHG�WR�EH�WKH�VDOLQLW\�VLPXODWLRQ�FULWHULRQ��

$V�SUHYLRXVO\�PHQWLRQHG��XQGHU�RSWLPDO�ODERUDWRU\�WHPSHUDWXUH�DQG�VDOLQLW\
FRQGLWLRQV��QR�PRUWDOLW\�ZDV�REVHUYHG�LQ�MXYHQLOHV�DW�'2�FRQFHQWUDWLRQV�RI�����PJ�/
RU�JUHDWHU���7KHUHIRUH��D�FRQVHUYDWLYH�����PJ�/�'2�FRQFHQWUDWLRQ�ZDV�VHOHFWHG�DV�WKH
PRGHO�VLPXODWLRQ�FULWHULRQ���+RZHYHU��LW�PXVW�EH�HPSKDVL]HG�WKDW�WKH�OHWKDO�'2
OLPLW�IRU�MXYHQLOHV��LQ�QDWXUDO�FRQGLWLRQV�IRU�VRXWKHUQ�FOLPDWH�V\VWHPV��KDV�QRW�EHHQ
HVWDEOLVKHG���(VWXDULQH�V\VWHPV�LQ�WKH�VRXWKHUQ�8QLWHG�6WDWHV��LQFOXGLQJ�WKH
6DYDQQDK�5LYHU��XQGHUJR�LQWHUPLWWHQW�K\SR[LD�ZKHUH�'2�OHYHOV�RIWHQ�IDOO�EHORZ��
PJ�/�GXULQJ�WKH�VXPPHU�PRQWKV�IRU�EULHI�SHULRGV�RI�WLPH��

$�UHYLHZ�RI�WKH�H[LVWLQJ�VFLHQWLILF�OLWHUDWXUH�GLG�QRW�ORFDWH�DQ\�VWXGLHV�RU�DQ\
FRQVHQVXV�UHJDUGLQJ�WKH�V\QHUJLVWLF�UHODWLRQVKLS�EHWZHHQ�WHPSHUDWXUH��VDOLQLW\��DQG
'2�IRU�WKH�VKRUWQRVH�VWXUJHRQ���6RPH�UHVHDUFKHUV��)ORXUQR\�HW�DO����������KDYH�QRWHG
WKDW�WROHUDQFH�RI�ORZ�'2�OHYHOV�PD\�GHFUHDVH�DW�WHPSHUDWXUHV�KLJKHU�WKDQ���(�&��
7KH�UHVSRQVH�RI�WKH�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�WR�WKH�V\QHUJLVWLF�LQWHUSOD\�RI�WKHVH
IDFWRUV�QHHGV�WR�EH�UHVHDUFKHG�EHIRUH�WKHLU�WROHUDQFHV�WR�ORZ�'2��KLJK�WHPSHUDWXUH
DQG�LQFUHDVHG�VDOLQLW\�VWUHVVHV�FDQ�EH�DVFHUWDLQHG���7KH�UHVXOWV�RI�WKH�PRGHO
VLPXODWLRQV��WKHUHIRUH��FDQQRW�EH�UHDGLO\�UHODWHG�WR�JHQHUDOO\�UHFRJQL]HG�VXUYLYDO
FULWHULD��VXFK�DV�WKRVH�WKDW�H[LVW�IRU�VDOPRQLG�VSHFLHV���7KH�PRGHO�VLPXODWLRQ�FULWHULD
IRU�MXYHQLOH�VKRUWQRVH�VWXUJHRQ�DUH�VXPPDUL]HG�RQ�7DEOH������

������� 0RGHO�6LPXODWLRQ��3UHVHQW�&RQGLWLRQV



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

$Q�H[LVWLQJ�FRQGLWLRQ�IORZ�UDWH�RI�������FXELF�IHHW�SHU�VHFRQG�ZDV�VHOHFWHG�EHFDXVH�
DV�SUHYLRXVO\�QRWHG��WKLV�ZDV�WKH�DYHUDJH�IORZ�UDWH�IRU�WKH�FRQWLQXRXV�GDWD�FROOHFWHG
IURP�-XO\�WR�$XJXVW������DQG�VHUYHV�DV�D�JRRG�UHSUHVHQWDWLYH�VXPPHU�FRQGLWLRQ���
([LVWLQJ�ZDWHU�WHPSHUDWXUH�GXULQJ�WKHVH�PRQWKV�DW�WKH�VWDWLRQV�RI�FRQFHUQ�ZDV
IRXQG�WR�EH�DV�KLJK�DV���°&�

7DEOH������0RGHO�6LPXODWLRQ�&ULWHULD�IRU�6KRUWQRVH�6WXUJHRQ

6KRUWQRVH�6WXUJHRQ�-XYHQLOH�7ROHUDQFHV
'2��PJ�/� !����
6DOLQLW\��SSW� �����

6KRUWQRVH�6WXUJHRQ�-XYHQLOH�+DELWDWV
6DYDQQDK�5LYHU��ULYHU�PLOHV� ���������

)RU�WKH�MXYHQLOH�KDELWDWV�RI�FRQFHUQ��WKH�ERWWRP�VDOLQLW\�GDWD��IRU�DOO�WLGHV��DW�DQ
DYHUDJH�IORZ�UDWH�RI�������FXELF�IHHW�SHU�VHFRQG��DW�WKH���WK�SHUFHQWLOH�DUH�SURYLGHG
EHORZ�RQ�7DEOH�����

7DEOH�����([LVWLQJ�&RQGLWLRQ�0RGHO�6LPXODWLRQV�IRU�6DOLQLW\

LQ�WKH�)URQW�5LYHU�-XYHQLOH�6KRUWQRVH�6WXUJHRQ�+DELWDW�$UHDV

5LYHU�0LOHV 6DOLQLW\��SSW�

)URQW�5LYHU ���� ���
���� ���
���� ���
���� ����

��������� ([LVWLQJ�&RQGLWLRQ��3UHGLFWHG�6DOLQLW\�DW�������FIV

,Q�WKH�.,7%��50�������WKH�H[LVWLQJ�VDOLQLW\�LV�HVWLPDWHG�WR�EH������SSW�DW�WKH���WK
SHUFHQWLOH��7KLV�HVWLPDWH�ZDV�DUULYHG�DW�E\�LQWHUSRODWLQJ�VDOLQLW\�FRQWRXUV�ZLWKLQ�WKH
.,7%���$XJXVW������FRQWLQXRXV�GDWD�VXJJHVW�WKDW�ERWWRP�VDOLQLWLHV�WHQG�WR�IROORZ�D
OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�GDWD�VWDWLRQV����6DOLQLW\�FRQWRXUV�LQ�WKH�PRGHO�RXWSXW
VHFWLRQ�RI�WKLV�UHSRUW�DOVR�VKRZ�WKDW�VDOLQLW\�YDULHV�OLQHDUO\�EHWZHHQ���GDWD�VWDWLRQV��
7KHUHIRUH��WKH�SUHGLFWHG�YDOXHV�LQ�WKH�.,7%��50�������FDQ�EH�GHWHUPLQHG�E\



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

LQWHUSRODWLQJ�EHWZHHQ�H[LVWLQJ�VDOLQLWLHV�RI�50������DQG�50��������,W�ZDV�PRUH
DFFXUDWH�WR�JLYH�RQO\�RQH�OLQHDU�LQWHUSRODWLRQ�LQ�SURYLGLQJ�D�SUHGLFWHG�VDOLQLW\�YDOXH�

��������� ([LVWLQJ�&RQGLWLRQ��%RWWRP�'2�DW�������FIV

7KH�SUHVHQW�'2�FRQFHQWUDWLRQ�LQ�WKH�.,7%��PHHWV�WKH�����PJ�/�FULWHULRQ����SHUFHQW
RI�WKH�WLPH�

)RU�WKH�MXYHQLOH�KDELWDWV�RI�FRQFHUQ��WKH�ERWWRP�'2�GDWD��IRU�DOO�WLGHV��DW�DQ�DYHUDJH
IORZ�UDWH�RI�������FXELF�IHHW�SHU�VHFRQG��IRU�DOO�SHUFHQWLOHV�DUH�SURYLGHG�EHORZ�RQ
7DEOH�����

7DEOH�����([LVWLQJ�&RQGLWLRQ��'2�DW�6KRUWQRVH�6WXUJHRQ�-XYHQLOH�+DELWDWV

5LYHU 3HUFHQWLOH��PJ�/�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

)URQW�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

1RWH� 6� �6XUIDFH���0� �0LG�'HSWK���%� �%RWWRP

������� 0RGHO�6LPXODWLRQ��3UHGLFWLQJ�)XWXUH�§:LWK�3URMHFW¨�,PSDFWV�RQ�6KRUWQRVH�6WXUJHRQ
-XYHQLOHV

0RGHO�VLPXODWLRQV�ZHUH�SHUIRUPHG�WR�REWDLQ�SUHGLFWHG�YDOXHV�RI�FKDQJH�LQ�'2�DQG
VDOLQLW\�FRQFHQWUDWLRQV�IRU�WKH�SURMHFW�GHHSHQLQJ�FRQGLWLRQ���,W�VKRXOG�EH�QRWHG�WKDW
WKH�FRQGLWLRQV�PRGHOHG�GR�QRW�LQFOXGH�FORVXUH�RI�WKH�0LGGOH�5LYHU���$GGLWLRQDO
PRGHOLQJ�DSSOLFDWLRQV�DUH�EHLQJ�SHUIRUPHG�WR�DGGUHVV�WKLV�LVVXH��DQG�WKH\�ZLOO�EH
SUHVHQWHG�WR�WKH�QDWXUDO�UHVRXUFH�DJHQFLHV�EHIRUH�WKH�)LQDO�(,6�LV�SUHSDUHG���7KH
VLPXODWLRQV�ZHUH�PDGH�XVLQJ�D�XVLQJ�D�IORZ�UDWH�RI�������FXELF�IHHW�SHU�VHFRQG���(DFK
SUHGLFWHG�FKDQJH�LV�UHQGHUHG�RQ�D���WK�SHUFHQWLOH�EDVLV��ZKLFK�PHDQV�WKDW�WKH
SUHGLFWHG�GHFUHDVH�LQ�'2��DQG�SUHGLFWHG�LQFUHDVH�LQ�VDOLQLW\��ZLOO�EH�D�PD[LPXP
YDOXH�����SHUFHQW�RI�WKH�WLPH����3UHVHQW�'2�FRQFHQWUDWLRQV�DQG�WKH�SUHGLFWHG
GHFUHDVHV�RYHU�WKH�KDELWDW�DUHDV�RI�FRQFHUQ�DUH�SUHVHQWHG�ORQJLWXGLQDOO\�

��������� 3UHGLFWHG�'2�&KDQJHV



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

3UHOLPLQDU\�UHVXOWV�XVLQJ�D���GLPHQVLRQDO��YHUWLFDOO\�DYHUDJHG��YHUVLRQ�RI�WKH�ZDWHU
TXDOLW\�PRGHO�VKRZHG�D�GHFUHDVH�RI�����PJ�/�DURXQG�WKH�.,7%�DW�WKH���WK
SHUFHQWLOH���,Q�RUGHU�WR�LQFRUSRUDWH�WKH�HIIHFWV�RI�VWUDWLILFDWLRQ�DQG�YHUWLFDO�PL[LQJ����
GLPHQVLRQDO�DQG�PRUH�FRPSUHKHQVLYH�PRGHO�VLPXODWLRQV�ZHUH�FRQGXFWHG���$OO�'2
UHVXOWV�VKRZQ�LQ�WKLV�UHSRUW�KDYH�EHHQ�GHWHUPLQHG�XVLQJ�WKH���GLPHQVLRQDO�PRGHO
XQOHVV�RWKHUZLVH�VSHFLILHG���0RGHOLQJ�UHVXOWV�IRU�'2�LPSDFWV�DUH�DOVR�GLVFXVVHG�LQ
6HFWLRQ���������

/RFDWLRQV�XSULYHU�IURP�WKH�.,7%�RQ�WKH�)URQW�5LYHU�50�������*3$�����DUH�SUHGLFWHG
WR�XQGHUJR�DQ�LQFUHDVH�LQ�WKH���WK�SHUFHQWLOH�RI�����PJ�/�DQG�QR�FKDQJH�LQ�WKH���WK
DQG�OHVVHU�SHUFHQWLOHV���$W�50�������*3$�����WKHUH�ZLOO�EH�QR�SUHGLFWHG�FKDQJH�LQ�WKH
��WK�SHUFHQWLOH���,Q�SHUFHQWLOHV�JUHDWHU�WKDQ���WK�WKHUH�LV�D�SUHGLFWHG�GHFUHDVH�LQ
ERWWRP�'2����$�PD[LPXP�GHFUHDVH�RI�����PJ�/�LV�SUHGLFWHG�LQ�WKH���WK�SHUFHQWLOH�µ

7KH�.,7%�KDV�EHHQ�VKRZQ�WR�EH�WKH�ORFDWLRQ�WKDW�KDV�WKH�KLJKHVW�SRSXODWLRQ�RI
MXYHQLOHV��WKHUHIRUH��GHFUHDVHV�LQ�'2�FRQFHQWUDWLRQV��LQ�WKLV�DUHD��DUH�RI�VSHFLDO
FRQFHUQ���%HFDXVH�RI�WKLV�FRQFHUQ��VXSSOHPHQWDO�GDWD�SRLQWV�ZHUH�DGGHG�WR�VKRZ�WKH
SUHGLFWHG�ERWWRP�HIIHFWV�DFURVV�WKH�.,7%���$�WRWDO�RI���VXSSOHPHQWDO�SRLQWV�ZHUH
DGGHG��WKH�ORFDWLRQV�RI�ZKLFK�DUH�VKRZQ�LQ�)LJXUH�������

$W�.,%��WKH�PD[LPXP�SUHGLFWHG�GHFUHDVH�LV�����PJ�/���7KLV�SRLQW�LV�KDOIZD\
EHWZHHQ�50�������*3$�����DQG�50�������*3$������ZKHUH�WKH�PD[LPXP�SUHGLFWHG
GHFUHDVHV�DUH�����PJ�/�DQG�����PJ�/��UHVSHFWLYHO\���.,%��LV�DW�WKH�GRZQULYHU�HQG�RI
WKH�.,7%�DQG�WKH�PD[LPXP�SUHGLFWHG�GHFUHDVH�DW�WKLV�SRLQW�LV�����PJ�/����7KH�SRLQWV
.,%���.,%���DQG�.,%��DUH�LQ�WKH�.,7%�DQG�DUH�LQ�D�VWUDLJKW�OLQH�DORQJ�WKH�ULYHU����.,%�
LV�DW�WKH�GHHSHVW�SRLQW�RI�.,7%���0D[LPXP�SUHGLFWHG�GHFUHDVHV�DW�DOO���SRLQWV�DUH����
PJ�/��

,QVLGH�WKH�.,7%��FDOFXODWLRQ�RI�WKH�SHUFHQWDJH�RI�WLPH�WKH�SUHGLFWHG�QHDU�ERWWRP�'2
ZDV�HTXDO�WR�RU�JUHDWHU�WKDQ�WKH�DFFHSWDEOH�FULWHULRQ�XVHG�FRQWLQXRXV�GDWD�DW�VWDWLRQV
*3$����DQG�*3$�����VWDWLRQV�XSVWUHDP�DQG�GRZQVWUHDP���'2�LPSDFWV�DW�*3$���
DQG�*3$����ZHUH�VXEWUDFWHG�IURP�WKHLU�FRUUHVSRQGLQJ�H[LVWLQJ�FRQGLWLRQ
SHUFHQWLOHV���7KH�SHUFHQWLOH�YDOXHV�IRU�WKH�.,7%�ZHUH�WKHQ�GHWHUPLQHG�XVLQJ�OLQHDU
LQWHUSRODWLRQ�EHWZHHQ�WKH�SUHGLFWHG�QHDU�ERWWRP�'2�DW�*3$�����*3$�����DQG
LQIRUPDWLRQ�IURP�WKH���V\QRSWLF�VXUYH\V��,Q�WKH�.,7%��PRGHO�UHVXOWV�GHPRQVWUDWHG
WKDW�SUHGLFWHG�QHDU�ERWWRP�'2�FRQFHQWUDWLRQ�ZRXOG�EH�HTXDO�WR�RU�JUHDWHU�WKDQ�WKH
DFFHSWDEOH�FULWHULD�GXULQJ�QR�OHVV�WKDQ����SHUFHQW�RI�WKH�WLPH����$W�.,%��
DSSUR[LPDWHO\�RQH�PLOH�GRZQ�ULYHU�RI�WKH�.,7%��QR�FRQWLQXRXV�GDWD�LV�DYDLODEOH�
WKXV�QR�SHUFHQW�RI�WLPH�DW�DFFHSWDEOH�FRQGLWLRQV�FDQ�EH�JLYHQ���'XUDWLRQ�FULWHULD�ZHUH
QRW�DWWHPSWHG��VLQFH�WKHVH�GR�QRW�H[LVW�LQ�WKH�OLWHUDWXUH��KHQFH��WKH�DPRXQW�RI�WLPH
WKLV�FRQFHQWUDWLRQ�FDQ�EH�WROHUDWHG�E\�MXYHQLOHV�FDQQRW�EH�DGGUHVVHG�ZLWK�DQ\
FHUWDLQW\��



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

7DEOH������3UHGLFWHG�&RQGLWLRQ��%RWWRP�'2�DW�6KRUWQRVH�6WXUJHRQ�-XYHQLOH�+DELWDWV

5LYHU 3HUFHQWLOH��PJ�/�
6WDWLRQ 0LOH ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK

)URQW�5LYHU
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���
*3$�����%� ���� ��� ��� ��� ��� ��� ��� ��� ��� ���

1RWH�� 6� �6XUIDFH���0� �0LG�'HSWK���%� �%RWWRP

��������� 3UHGLFWHG�6DOLQLW\�&KDQJHV

3UHGLFWHG�VDOLQLW\�LQFUHDVHV�LQ�WKH�)URQW�5LYHU�WR�WKH���WK�SHUFHQWLOH�DUH�DV�IROORZV��
DW�50�������*3$�����WKHUH�LV�DQ�LQFUHDVH�RI�����SSW��DW�50�������*3$������WKHUH�LV�DQ
LQFUHDVH�RI�����SSW��DW�50�������*3$������WKHUH�LV�DQ�LQFUHDVH�RI�����SSW��

7KH�SUHGLFWHG�VDOLQLW\�DW�WKHVH�SRLQWV�ZLOO�EH�DV�IROORZV��

5LYHU�0LOHV 6DOLQLW\��SSW��

����� ���

����� ���

���� ����

���� ����

6DOLQLW\�DW�50�������.,7%��ZLOO�LQFUHDVH�E\������SSW����7KLV�YDOXH�ZDV�FDOFXODWHG�E\�D
OLQHDU�LQWHUSRODWLRQ�EHWZHHQ�WKH�SUHGLFWHG�LQFUHDVHV�DW�50������DQG�50�������VLQFH
WKH�VDOLQLW\�LV�REVHUYHG�WR�IROORZ�D�OLQHU�UHODWLRQVKLS����7KH�SUHGLFWHG�VDOLQLW\�DW�WKH
.,7%�ZLOO�EH������SSW�DW�WKH���WK�SHUFHQWLOH���$FFRUGLQJ�WR�WKH�PRGHO�VLPXODWLRQ�
DUHDV�XSULYHU�IURP�WKH�.,7%�H[SHULHQFH�VRPH�LQFUHDVH�LQ�VDOLQLW\�DQG�GHFUHDVH�LQ
'2���+RZHYHU��WKHVH�PRGHVW�LQFUHDVHV�PD\�EH�WROHUDEOH�WR�WKH�MXYHQLOH�SRSXODWLRQ���
7KH�PRGHO�VLPXODWLRQ�FULWHULD�ZHUH�GHWHUPLQHG�IURP�WKH�EHVW�DYDLODEOH�GDWD���
7ROHUDQFHV�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�VWUHVV�DQG�RWKHU�WROHUDQFHV�KDYH�QRW�EHHQ
UHVHDUFKHG�WR�JLYH�DQ\�GHILQLWLYH�YDOXHV���7KH�LPSDFW�RI�WKH�LQFUHDVHG�GHSWK�LQ�WKH
WXUQLQJ�EDVLQ�DQG�RWKHU�MXYHQLOH�KDELWDWV�LV�GLIILFXOW�WR�HYDOXDWH�EHFDXVH�RI�WKH�ODFN
RI�ELRORJLFDO�GDWD�IRU�WKLV�VSHFLHV�LQ�WKHVH�DUHDV��



(QYLURQPHQWDO�,PSDFW�6WDWHPHQW
3DJH�����RI����

9HUVLRQ� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� �*HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ������ (19,5210(17$/�&216(48(1&(6

������� 3URMHFW�$FWLRQV�5HODWHG�WR�6KRUWQRVH�6WXUJHRQ

%HFDXVH�RI�WKH�SRWHQWLDO�SURMHFW�LPSDFWV�RQ�WKH�VKRUWQRVH�VWXUJHRQ�DQG�WKH�ODFN�RI
VLWH�VSHFLILF�LQIRUPDWLRQ�FRQFHUQLQJ�WKLV�VSHFLHV��D�VWXG\�ZLOO�EH�SHUIRUPHG�WR
PRQLWRU�WKH�EHKDYLRU�RI�VWXUJHRQ�LQ�DUHDV�DIIHFWHG�E\�WKH�GHHSHQLQJ���7KH�VWXG\�ZLOO
LQFOXGH�D�PRQLWRULQJ�HIIRUW�WKDW�ZLOO�DLP�DW�D�GHWHUPLQDWLRQ�RI�WUHQGV�LQ�SRSXODWLRQ
VL]H��YHULILFDWLRQ�RI�FRQWLQXLQJ�MXYHQLOH�UHFUXLWPHQW��DQG�D�GHWHUPLQDWLRQ�RI�VWXUJHRQ
EHKDYLRU�UHODWLYH�WR�WKH�DUHDV�SURSRVHG�WR�EH�GHHSHQHG��

$�UHFRPPHQGHG�VWXG\�E\�WKH�6&'15�ZRXOG�KDYH�D���\HDU�GXUDWLRQ���,I�WKH�ILUVW
\HDU�RI�WKH�VWXG\�RFFXUV�GXULQJ�WKH�GHVLJQ�SKDVH��EHIRUH�GUHGJLQJ�RSHUDWLRQV�EHJLQ�
WKLV�ZLOO�DOORZ�IRU�WKH�DFTXLVLWLRQ�RI�EDVHOLQH�FRQGLWLRQV���7KH�ODVW�WZR�\HDUV�RI�WKH
VWXG\�ZRXOG�IROORZ�FRPSOHWLRQ�RI�WKH�GUHGJLQJ�RSHUDWLRQV�6SHFLILF�WDVNV�RI�WKH
VWXG\�ZLOO�LQFOXGH�

• PRQLWRULQJ�DEXQGDQFH�RI�MXYHQLOHV�DQG�DGXOWV�E\�PDUN�UHFDSWXUH�DQG�&38(�

• PRQLWRULQJ�WKH�DJH�GLVWULEXWLRQ�

• YHULI\LQJ�FRQWLQXHG�UHFUXLWPHQW�RI�DJH�RI�ILVK�

• WHOHPHWU\�ZRUN�WR�GHWHUPLQH�EHKDYLRU�RI�DGXOWV�DQG�MXYHQLOHV�UHODWLYH�WR
LPSDFWHG�DUHDV��DQG�

• ZDWHU�TXDOLW\�PRQLWRULQJ�WR�DFFRPSDQ\�DOO�VDPSOHV�

6RQLF�WHOHPHWU\�DQG�´PDUN�DQG�UHFDSWXUHµ�VWXGLHV�DUH���PHWKRGV�WKDW�FDQ�EH�XVHG�WR
DFTXLUH�GDWD���/RFDWLRQV�WKDW�FRXOG�EH�XVHG�WR�SODFH�VRQLF�UHFHLYHUV�LQ�WKH�6DYDQQDK
5LYHU�DQG�D�GHVFULSWLRQ�RQ�KRZ�WKH�PDUN�DQG�UHFDSWXUH�VWXG\�ZLOO�EH�PDQDJHG�DUH
GHVFULEHG�LQ�WKH�GUDIW�SURSRVDO�6DYDQQDK�5LYHU�6KRUWQRVH�6WXUJHRQ��+DELWDW�8VH�
3RSXODWLRQ�6L]H�DQG�7ROHUDQFH�WR�(QYLURQPHQWDO�7ROHUDQFHV��&ROOLQV�DQG�6PLWK�
������

��������� $YRLGDQFH�RI�,PSDFWV�DQG�+DELWDW�,PSURYHPHQW

7KH�LPSDFW�RI�WKH�SUHGLFWHG�'2�GHFUHDVH��GXH�WR�WKH�SURMHFW�GHHSHQLQJ��RQ
VKRUWQRVH�VWXUJHRQ�FDQQRW�EH�IRUHFDVW�ZLWK�DQ\�GHJUHH�RI�FHUWDLQW\��DQG�WKLV�IRU�WKH
IROORZLQJ�UHDVRQV������/LWWOH�LV�NQRZQ�DERXW�WKH�'2�UHTXLUHPHQWV�IRU�WKH�VKRUWQRVH
VWXUJHRQ·V�GLIIHUHQW�OLIH�VWDJHV��DOPRVW�DOO�NQRZOHGJH�KDV�EHHQ�JDUQHUHG�IURP
ODERUDWRU\�UHVHDUFK��DQG�����HVWXDULHV�DUH�DPRQJ�WKH�PRVW�VWUHVVIXO�HQYLURQPHQWV�
ZKHUH�G\QDPLF�FRQGLWLRQV�SUHYDLO�DQG�ZKHUH�'2��GXULQJ�SDUWV�RI�WKH�GD\��LV�RIWHQ
ZHOO�EHORZ�WKH���PJ�O�WKUHVKROG�IRU�K\SR[LD���1XPHURXV�VWXGLHV�KDYH�VKRZQ�WKDW
IRU�PDQ\�VSHFLHV�WKDW�PDNH�XVH�RI�HVWXDULHV�LQWHUPLWWHQW�K\SR[LD�LV�YLWDO�WR�WKHLU
VXUYLYDO�VWUDWHJLHV���7KH�SUHVHQFH�RI�MXYHQLOHV�LQ�WKH�.,7%�GXULQJ�VXPPHU�PRQWKV
VXJJHVWV�D�WROHUDQFH�WR�LQWHUPLWWHQW�K\SR[LD��DQG�WKDW�WKH�����PJ�O�VWDQGDUG�WKDW�ZDV
GHULYHG�IURP�ODERUDWRU\�VWXGLHV�DQG�ZKLFK�ZDV�DGRSWHG�LQ�WKLV�VWXG\��DV�D�FULWLFDO
FRQGLWLRQ��PD\�QRW�UHIOHFW�DFWXDO�LQ�VLWX�WROHUDQFHV���)XUWKHUPRUH��LW�PXVW�EH�VWUHVVHG
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WKDW�RI�DOO�SRUWLRQV�RI�WKH�)URQW�5LYHU��WKH�.,7%�LV�WKH�RQH�LQ�WKH�JUHDWHVW�VWDWH�RI
GLVHTXLOLEULXP�GXH�WR�WKH�DGYDQFHG�PDLQWHQDQFH�GUHGJLQJ�WKDW�URXWLQHO\�RFFXUV
WKHUH���7KH�SUHVHQFH�RI�MXYHQLOHV�LQ�WKLV�DUHD�LV�WHVWLPRQ\�WR�VRPH�OHYHO�RI
RSSRUWXQLVWLF�DGDSWDWLRQ�WR�GLVHTXLOLEULXP�FRQGLWLRQV�

'HVSLWH�WKH�XQFHUWDLQW\�RI�WKH�HIIHFW�RI�'2�GHFUHDVH�LQ�WKH�.,7%��WKH�SURSRVHG
SURMHFW�KDV�WDNHQ�D�SRVLWLRQ�RI�PLWLJDWLQJ�WR�DYHUW�D�GHFUHDVH�LQ�GLVVROYHG�R[\JHQ�
+HQFH��QR�DGYHUVH�LPSDFW�WR�VKRUWQRVH�VWXUJHRQ�LQ�WKH�.,7%�LV�H[SHFWHG�WR�RFFXU�
7KH�SURMHFW�ZLOO�WDNH�VWHSV�WR�

����3UHHPSW�,PSDFWV���7KH�SURSRVHG�GHHSHQLQJ�SURMHFW�ZLOO��ILUVW�DQG�IRUHPRVW��VHHN
WR�DYRLG��WKURXJK�PLWLJDWLRQ��'2�GHFUHDVHV�WKDW�PLJKW�FDXVH�DGYHUVH�LPSDFWV�WR�WKH
VKRUWQRVH�VWXUJHRQ���$�SUHOLPLQDU\�DVVHVVPHQW�RI�WKH�IHDVLELOLW\�RI�VXSSOHPHQWDO
R[\JHQDWLRQ��DQG�RWKHU�DOWHUQDWLYHV��VXFK�DV�DGYDQFHG�WUHDWPHQW�WR�ORZHU�WKH
R[\JHQ�GHPDQG�LQ�WKH�5LYHU��KDYH�EHHQ�FRQVLGHUHG�DW�WKH�FRQFHSWXDO�OHYHO���7KHVH
PLWLJDWLRQ�WHFKQRORJLHV�DUH�DFFHSWDEOH��PDWXUH�DQG�SUDFWLFDEOH�DQG�ZLOO�EH�DQDO\]HG�
LQ�GHWDLO��LQ�WKH�QH[W�SKDVH�RI�WKH�6WXG\�

����,PSURYH�+DELWDW���7KH�SURSRVHG�SURMHFW�UHFRPPHQGV�WKDW�GHHS�SRFNHWV�EH
FUHDWHG�LQ�ORFDWLRQV�WKDW�DUH�PRVW�OLNHO\�WR�EH�IDYRUHG�E\�VKRUWQRVH�VWXUJHRQ�GXULQJ
WKH�VXPPHU�PRQWK�SHULRG���$�VXLWDEOH�VLWH�IRU�KDELWDW�LPSURYHPHQW�PD\�EH�D
ORFDWLRQ�XSVWUHDP�RI�WKH�.,7%�DW�WKH�3RUW�:HQWZRUWK�7XUQLQJ�%DVLQ���$Q���IRRW
GHHSHQLQJ�DW�WKLV�ORFDWLRQ�ZRXOG�SURYLGH�FRQGLWLRQV�WR�MXYHQLOHV�WKDW�DUH�VLPLODU�WR
WKRVH�IRXQG�DW�WKH�.,7%�LQ�������D�WLPH�ZKHQ�VKRUWQRVH�VWXUJHRQ�ZHUH�NQRZQ�WR
KDYH�UHVLGHG�LQ�WKH�.,7%���*LYHQ�WKH�XQFHUWDLQW\�RI�UHVSRQVHV�WR�SUHVHQW�FRQGLWLRQV�
DQG�JLYHQ�WKH�SDXFLW\�RI�NQRZOHGJH�WKDW�ZH�FXUUHQWO\�SRVVHVV�DERXW�WKLV�VSHFLHV��WKH
SURSRVHG�KDELWDW�LPSURYHPHQWV�DUH�DLPHG�DW�SURYLGLQJ�IXUWKHU�DVVXUDQFHV�WR�WKH
VKRUWQRVH�VWXUJHRQ·V�ZHOO�EHLQJ���7KH�SURSRVDO�IRU�GHHS�SRFNHW�FUHDWLRQ�DW�3RUW
:HQWZRUWK�LV�VXEMHFW�WR�PRGLILFDWLRQ�DQG�LPSURYHPHQW��XSRQ�GLVFXVVLRQ�ZLWK
DJHQF\�DQG�VSHFLDOLVWV�

����8QGHUWDNH�6WXGLHV���&XUUHQWO\��QR�UHOLDEOH�GDWDEDVH�RI�WKH�616�SRSXODWLRQ�LQ�WKH
6DYDQQDK�5LYHU�H[LVWV���7KH�FXUUHQW�SRSXODWLRQ�G\QDPLFV�LQ�WKH�6DYDQQDK�5LYHU�DUH
QRW�ZHOO�NQRZQ���7KH�QDWXUDO�UHVRXUFH�DJHQFLHV�KDYH�UHFRPPHQGHG�D���\HDU�VWXG\
WKDW�ZLOO�GHYHORS�VXFK�D�GDWDEDVH�DQG�ZLOO�PRQLWRU�WKH�EHKDYLRU�RI�WKH�616�ZLWKLQ
WKH�SURMHFW�DUHDV���+HQFH��WKH�VWXG\�ZRXOG�DOVR�VHUYH�DV�D�ORQJ�WHUP�FRQWURO�IRU
IXWXUH�PRQLWRULQJ�DQG�ZRXOG�WKXV�FUHDWH�WKH�EDVLV�IRU�DYRLGLQJ�RU�VWRSSLQJ�DFWLRQV
WKDW�SRVH�D�WKUHDW�WR�WKH�616��

,Q�VXPPDU\��WKH�SURMHFW�SURSRVHV�WR�DYRLG�D�GHFUHDVH�LQ�'2�WKDW�PLJKW�KDYH�DGYHUVH
LPSDFWV�RQ�VKRUWQRVH�VWXUJHRQ��WR�FDXWLRXVO\�XQGHUWDNH�PHDVXUHV�WKDW�ZRXOG
SURYLGH�PRUH�KDELWDW��DQG�ILQDOO\��WR�FUHDWH�D�GDWDEDVH��IURP�ORQJ�WHUP�ILHOG
PRQLWRULQJ��IRU�ORQJ�WHUP�SUHVHUYDWLRQ�HIIRUWV�

��� :HWODQGV
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3RWHQWLDO�ZHWODQG�LPSDFWV�DVVRFLDWHG�ZLWK�WKH�KDUERU�GHHSHQLQJ�SURMHFW�ZHUH
DGGUHVVHG��ZKLFK�LQFOXGHG�ERWK�GLUHFW�ORVVHV�DQG�SRWHQWLDO�ORVVHV�WKURXJK�VHFRQGDU\
HIIHFWV����'LUHFW�ZHWODQG�ORVVHV�ZLOO�UHVXOW�IURP�WKH�GUHGJLQJ�IRU�WKH�DFWXDO�GHHSHQLQJ
RI�WKH�QDYLJDWLRQ�FKDQQHO�DQG�FRQVWUXFWLRQ�RI�WKH�WKUHH�0LGGOH�5LYHU�FORVXUHV���
3URSRVHG�EHQG�ZLGHQHUV�DORQJ�WKH�FKDQQHO�ZLOO�UHVXOW�LQ�DQ�LQFUHDVHG�FKDQQHO�WRS
ZLGWK�ZKLFK��DW�VHYHUDO�ORFDWLRQV��ZLOO�HQFURDFK�LQWR�WKH�H[LVWLQJ�VKRUHOLQH����$Q
DGGLWLRQDO�PLQRU�GLUHFW�LPSDFW�ZLOO�UHVXOW�IURP�FRQVWUXFWLRQ�RI�D�GHEULV�GLVSRVDO
UDPS�IRU�WKH�GUHGJH�VSRLO�GLVSRVDO�DUHD�RQ�2QVORZ�,VODQG�

6HFRQGDU\�LPSDFWV�WR�ZHWODQGV�PD\�EH�FDXVHG�E\�WKH�VDOLQLW\�FKDQJHV�XSVWUHDP�RI
WKH�GHHSHQHG�FKDQQHO����,QFUHDVHG�VDOLQLWLHV�XSVWUHDP�PD\�DIIHFW�IXWXUH�VXFFHVVLRQ�RI
IUHVKZDWHU�LQ�WKH�61:5���7KH�H[WHQW�RI�WKHVH�GLUHFW�DQG�SRWHQWLDO�VHFRQGDU\�ZHWODQG
LPSDFWV�LV�GLVFXVVHG�EHORZ��DV�ZHOO�DV�FRPSHQVDWRU\�PLWLJDWLRQ�SURSRVHG�WR�RIIVHW
DQ\�ORVVHV�

����� 'LUHFW�:HWODQG�,PSDFWV

7KH�SURSRVHG�EHQG�ZLGHQHUV�ZLOO�UHVXOW�LQ�DQ�LQFUHDVHG�WRS�ZLGWK�IRU�WKH�QDYLJDWLRQ
FKDQQHO�DW�WKH�EHQG�ZLGHQHU�ORFDWLRQV����7KLV�ZLGHU�WRS�ZLGWK�ZLOO�HQFURDFK�LQWR�WKH
H[LVWLQJ�VKRUHOLQH�DW�VL[�ORFDWLRQV��)LJXUH�������WKDW�PD\�SRWHQWLDOO\�KDYH�GLUHFW
ZHWODQG�ORVVHV�DVVRFLDWHG�ZLWK�WKHP����7KHVH���LPSDFW�DUHDV�ZHUH�GHWHUPLQHG�E\�D
FRPELQDWLRQ�RI�GLJLWL]LQJ�WKH�WRS�RI�VORSH�RI�WKH�ZLGHQHG�FKDQQHO��UHIHUUHG�WR�DV�WKH
´GD\OLJKW�OLQH��IURP����LQFK�HTXDOV�����IHHW��EOXHOLQH�DHULDO�SKRWRV�DQG�E\�HQWHULQJ
OLQH�FRRUGLQDWHV�SURYLGHG�LQ�WKH�GUDIW�(QJLQHHULQJ�$SSHQGL[����(QFURDFKPHQW�DUHDV
ZHUH�GHILQHG�DV�DQ\�DUHD�LQ�ZKLFK�WKH�GD\OLJKW�OLQH�ZDV�ODQGZDUG�RI�D�VHFRQG�OLQH
NQRZQ�DV�WKH�´VORXJKLQJ�HDVHPHQWµ����7KH�H[LVWLQJ�VORXJKLQJ�HDVHPHQW�LV�WKH�EXIIHU
DUHD�DORQJ�WKH�FKDQQHO�ZLWKLQ�ZKLFK�WKH�WRS�RI�WKH�FKDQQHO�PD\�H[WHQG����7KH
ERXQGDU\�RI�WKH�VORXJKLQJ�HDVHPHQW�ZDV�VHW�DV�SDUW�RI�WKH�SUHYLRXV�KDUERU
GHHSHQLQJ�SURMHFW����:HWODQG�LPSDFWV�ZLWKLQ�WKH�H[LVWLQJ�VORXJKLQJ�HDVHPHQW�ZHUH
DGGUHVVHG�LQ�WKH�HQYLURQPHQWDO�LPSDFW�DQDO\VLV�IRU�WKH�SUHYLRXV�FKDQQHO
LPSURYHPHQW�SURMHFW�DQG�ZHUH�SUHYLRXVO\�FRPSHQVDWHG�IRU�E\�FRQVWUXFWLRQ�RI�WKH
ZHWODQG�FUHDWLRQ�SURMHFW�ZLWKLQ�WKH�IRUPHU�1HZ�&XW���)RU�WKH�FXUUHQW�VWXG\��WKH
ORFDWLRQ�RI�WKH�VORXJKLQJ�HDVHPHQW�ZDV�GHWHUPLQHG�IURP�DQ�HDVHPHQW�SODW�GDWHG
2FWREHU�����������SUHSDUHG�E\�7KRPDV�	�+XWWRQ�(QJLQHHULQJ�&RPSDQ\�IRU�7KH
3URSRVHG�6DYDQQDK�+DUERU�'HHSHQLQJ����)RU�SXUSRVHV�RI�FDOFXODWLQJ�WKH�QHZ
LPSDFWV�IRU�WKH�FXUUHQWO\�SURSRVHG�SURMHFW��RQO\�DUHDV�ZKHUH�WKH�QHZ�GD\OLJKW�OLQH
H[WHQGHG�ODQGZDUG�RI�WKH�H[LVWLQJ�VORXJKLQJ�HDVHPHQW�ZHUH�FRQVLGHUHG����7KH
GD\OLJKW�OLQH�ZDV�IRXQG�WR�EH�ODQGZDUG�RI�WKH�VORXJKLQJ�HDVHPHQW�DW���ORFDWLRQV
�)LJXUH����������7KHVH�HQFURDFKPHQW�DUHDV��DOO�ORFDWHG�LQ�WKH�VWDWH�RI�*HRUJLD���UDQJH
LQ�VL]H�IURP������DFUHV�WR������DFUHV�DQG�WRWDO�������DFUHV����6HYHUDO�RI�WKHVH�DUHDV
�$UHD�������DQG����DUH�SDUWLDOO\�GHYHORSHG�DV�SDUW�RI�WKH�SRUW�PDULQH�VHUYLFH�IDFLOLWLHV
DQG�KDYH�KDUGHQHG�RU�RWKHUZLVH�XQYHJHWDWHG�VKRUHOLQHV���([FOXGLQJ�WKHVH���DUHDV
IURP�WKH�LPSDFW�DVVHVVPHQW�ZRXOG�GHFUHDVH�WKH�SUREDEOH�ZHWODQG�LPSDFWV�WR
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DSSUR[LPDWHO\������DFUHV���,Q�DGGLWLRQ��HQFURDFKPHQW�DUHDV�������DQG���DUH�ORFDWHG�DW
WKH�EDVHV�RI�GUHGJHG�PDWHULDO�GLVSRVDO�DUHD�GLNHV�DQG�LW�LV�HVWLPDWHG�WKDW�DW�OHDVW����
RI�WKH�DUHDO�H[WHQW�RI�HDFK�HQFURDFKPHQW�DUHD�LV�ODQGZDUG�RI�WKH�ZHWODQG�MXULVGLFWLRQ
OLQH����$�FRQVHUYDWLYH�HVWLPDWH�RI�WKH�WRWDO�GLUHFW�ZHWODQG�LPSDFWV�UHVXOWLQJ�IURP�WKH
EHQG�ZLGHQHUV�ZRXOG�EH������DFUHV�

$Q�DGGLWLRQDO������DFUHV�RI�ZHWODQG�LPSDFW�LV�SURSRVHG�IRU�FRQVWUXFWLRQ�RI�D�GHEULV
GLVSRVDO�UDPS�DW�'LVSRVDO�$UHD��1�RQ�2QVORZ�,VODQG�DW�DSSUR[LPDWHO\�6WDWLRQ
�����������7KHUH�LV�DQ�H[LVWLQJ�SLSHOLQH�UDPS�DW�WKLV�ORFDWLRQ�EXW�LW�LV�WRR�VWHHS�WR
DOORZ�WKH�QHFHVVDU\�YHKLFOHV�WR�WUDQVSRUW�WKH�GHEULV�XS�WKH�UDPS����,W�ZRXOG�
WKHUHIRUH��EH�QHFHVVDU\�WR�UHFRQILJXUH�WKH�GHEULV�GLVSRVDO�UDPS�WR�WKH�SURSHU�JUDGH��
�$SSUR[LPDWHO\�������FXELF�\DUGV�RI�ILOO�ZRXOG�EH�UHTXLUHG�WR�FRQVWUXFW�WKH�UDPS
JLYHQ�WKDW����SHUFHQW�RI�WKH�QHFHVVDU\�PDWHULDO�LV�DVVXPHG�WR�EH�LQ�SODFH�DW�WKH
H[LVWLQJ�JUDGH����$Q�DGGLWLRQDO�����FXELF�\DUGV�RI�PDWHULDO�ZRXOG�EH�QHFHVVDU\�WR
SURYLGH�DQ�DUHD�����IHHW�ORQJ�DQG����IHHW�ZLGH�IRU�RIIORDGLQJ�WKH�GHEULV����7KLV�DUHD
ZRXOG�EH�DGMDFHQW�WR�WKH�6DYDQQDK�5LYHU�DQG�ZRXOG��WKHUHIRUH��KDYH�D�GLUHFW
ZHWODQGV�LPSDFW����$Q�DUHD�RI�QRW�PRUH�WKDQ����IHHW�ZLGH�E\�����IHHW�ORQJ��RU������
VTXDUH�IHHW��RU������DFUHV�ZRXOG�QHHG�WR�EH�PLWLJDWHG�WR�DOORZ�IRU�FRQVWUXFWLRQ�RI�WKLV
DUHD�

7KHUH�DUH�VHYHUDO�DGGLWLRQDO�DUHDV�RI�GLUHFW�ZHWODQG�LPSDFWV�WKDW�ZRXOG�UHVXOW�IURP
FORVXUH�RI�WKH�0LGGOH�5LYHU�WR�UHGXFH�VDOLQLW\�LPSDFWV�WR�UHIXJH�PDUVKHV���7KHVH
LPSDFWV�ZRXOG�RFFXU�DW���ORFDWLRQV�������6WHDPERDW�&XW�DW�ERWK�LWV�QRUWK�DQG�VRXWK
R[ERZV������DW�WKH�FRQIOXHQFH�RI�WKH�0LGGOH�DQG�)URQW�5LYHUV�QHDU�1HZ�&XW��DQG����
DW�1HZ�&XW�

&RQVWUXFWLRQ�RI�SOXJV�DW�6WHDPERDW�&XW�ZRXOG�UHVXOW�LQ�����DFUHV�RI�PDUVK�ILOO�DW�WKH
QRUWK�R[ERZ�DQG�DQ�DGGLWLRQDO�����DFUHV�DW�WKH�VRXWK�R[ERZ���3OXJ�FRQVWUXFWLRQ�DW
6WHDPERDW�&XW�ZRXOG�DOVR�UHTXLUH�����DFUHV�DQG���DFUHV�RI�ULYHU�ERWWRP�ILOO�LQ�WKH
QRUWK�DQG�VRXWK�R[ERZV�UHVSHFWLYHO\�����6RPH�RI�WKLV�ULYHU�ERWWRP�DFUHDJH�LQFOXGHV
VXEWLGDO�PXG�IODWV�

&RQVWUXFWLRQ�RI�SOXJV�DW�WKH�FRQIOXHQFH�RI�WKH�0LGGOH�DQG�)URQW�5LYHUV�QHDU�1HZ
&XW�ZRXOG�LPSDFW���DFUHV�RI�PDUVK�DORQJ�WKH�ULYHU�EDQNV�����DFUHV�RI�D�PDUVK
FUHDWLRQ�SURMHFW�EHLQJ�FRQVWUXFWHG�E\�WKH�*3$��DQG����DFUHV�RI�ULYHU�ERWWRP�

&ORVXUH�RI�WKH�0LGGOH�5LYHU�ZLOO�DOVR�UHTXLUH�UHFRQQHFWLRQ�RI�WKH�0LGGOH�DQG�%DFN
5LYHUV�E\�H[FDYDWLRQ�RI�WKH�SOXJ�LQ�1HZ�&XW���5HPRYDO�RI�WKLV�SOXJ�ZLOO�LPSDFW���
DFUHV�RI�LQWHUWLGDO�PDUVK���7KH�WRWDO�GLUHFW�LPSDFWV�WR�ZHWODQGV�UHVXOWLQJ�IURP
FRQVWUXFWLRQ�RI�WKH�EHQG�ZLGHQHUV�DQG�FORVXUH�RI�WKH�0LGGOH�5LYHU�ZRXOG�EH������
DFUHV�

����� &RPSHQVDWRU\�0LWLJDWLRQ�IRU�'LUHFW�:HWODQG�,PSDFWV
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$V�GLVFXVVHG�DERYH��WKH�GLUHFW�ZHWODQG�LPSDFWV�UHVXOWLQJ�IURP�SURMHFW�FRQVWUXFWLRQ
DUH�FRQVHUYDWLYHO\�HVWLPDWHG�WR�EH�������DFUHV��*XLGHOLQHV�RQ�WKH�(VWDEOLVKPHQW�DQG
2SHUDWLRQ�RI�:HWODQG�%DQNV�LQ�*HRUJLD�ZDV�XVHG�IRU�HVWLPDWLQJ�WKH�H[WHQW�RI�GLIIHUHQW
W\SHV�RI�FRPSHQVDWRU\�PLWLJDWLRQ�UHTXLUHG�WR�RIIVHW�ZHWODQG�LPSDFWV���7KRVH
JXLGHOLQHV�SUHVHQW�D�PHWKRGRORJ\�WR�TXDQWLI\�WKH�ZHWODQG�IXQFWLRQDO�YDOXHV�WKDW
ZRXOG�EH�ORVW�E\�DQ�DFWLRQ��DV�ZHOO�DV�GHWHUPLQH�WKH�DFUHDJH�WKDW�YDULRXV
FRPSHQVDWLRQ�DFWLRQV�PXVW�EH�SHUIRUPHG�RQ�WR�DGHTXDWHO\�FRPSHQVDWH�IRU�D�JLYHQ
ORVV�LQ�IXQFWLRQDO�YDOXH���7KH�PHWKRGRORJ\�XVHV�DQ�LQFUHPHQWDO�DSSURDFK�WR
GHWHUPLQH�WKH�UHTXLUHG�DFUHDJH�RI�D�SURSRVHG�FRPSHQVDWLRQ�DFWLRQ���)URP�D
SUHOLPLQDU\�UHYLHZ��ZHWODQG�FUHDWLRQ�ZRXOG�UHTXLUH�FRPSHQVDWRU\�PLWLJDWLRQ�DW
DERXW�D�����UDWLR���)RU�FRVW�HVWLPDWLQJ�SXUSRVHV�FUHDWLRQ�RI�������DFUHV�������
LPSDFWHG�DFUHV�[����DUH�LQFOXGHG���+RZHYHU��WKH�ILQDO�DFUHDJH�ZRXOG�EH�GHWHUPLQHG
GXULQJ�3('�ZKHQ�D�VSHFLILF�ZHWODQG�FUHDWLRQ�VLWH�LV�VHOHFWHG��0RVW��LI�QRW�DOO��RI�WKLV
DFUHDJH�ZRXOG�EH�REWDLQHG�E\�FRQVWUXFWLRQ�RI�ZHWODQGV�ZLWKLQ�WKH�SOXJJHG
6WHDPERDW�5LYHU�R[ERZ�

����� 6HFRQGDU\�,PSDFWV

7KH�TXDQWLWDWLYH�SODQW�FRPPXQLW\�VWXG\�VKRZHG�WKDW�WKH�H[LVWLQJ�ERXQGDU\�RI�WKH
GLYHUVH�IUHVKZDWHU�SODQW�FRPPXQLW\�KDV�QRW�FKDQJHG�GUDPDWLFDOO\�VLQFH�WKDW
UHSRUWHG�E\�3HDUOVWLQH�HW�DO�������������,Q�DGGLWLRQ��H[WHQVLYH�PRGHOLQJ�RI�SURMHFWHG
VDOLQLW\�FKDQJHV�LQ�UHODWLRQ�WR�WKH�SURSRVHG�GHHSHQLQJ�RI�WKH�FKDQQHO�LQGLFDWH�WKDW
SURMHFWHG�FKDQJHV�LQ�VDOLQLW\��HVSHFLDOO\�DORQJ�WKH�/LWWOH�%DFN�5LYHU��ZLOO�EH�PLQLPDO
DQG�QRW�DSSURDFK�WKH�GUDPDWLF�OHYHOV�DV�WKDW�H[SHULHQFHG�GXULQJ�RSHUDWLRQ�RI�WKH
WLGH�JDWH����)URP�WKLV�VHW�RI�FRQGLWLRQV��LW�FDQ�UHDVRQDEO\�EH�DVVHUWHG�WKDW�WKH�H[LVWLQJ
SODQW�FRPPXQLWLHV�LQ�WKH�DUHD�RI�LQWHUHVW�LQ�WKH�VWXG\�DUHD�DUH�WROHUDQW�RI�WKH�VDOLQLW\
FRQGLWLRQV�WKDW�H[LVWHG�ZLWK�WKH�WLGH�JDWH��WKH�SUHVHQW�FRQGLWLRQV��DQG��KHQFH��WKH
FRQGLWLRQV�WKDW�DUH�H[SHFWHG�WR�RFFXU�DV�D�UHVXOW�RI�WKH�SURSRVHG�SURMHFW���+RZHYHU�
DQ�DQWLFLSDWHG�EHQHILW�RI�RSHQLQJ�WKH�WLGHJDWH�ZDV�WKH�IXWXUH�VXFFHVVLRQ�RI�WLGDO
IUHVKZDWHU�PDUVK�LQ�WKH�61:5���7KH�SURSRVHG�SURMHFW�ZRXOG�QHHG�WR�PLWLJDWH�WKH
SRWHQWLDO�IXWXUH�ORVV�RI�EHQHILW��ZKLFK�ZRXOG�UHVXOW�IURP�WKH�FKDQJH�LQ�VDOLQLW\
FRQGLWLRQV�

,Q�RUGHU�WR�DFFRXQW�IRU�WKH�SRWHQWLDO�ORVV�RI�IXWXUH�YDOXH�WR�WKH�61:5��LW�ZDV
DVVXPHG�WKDW�D�JUDGXDO�LQFUHDVH�LQ�WKH�H[WHQW�RI�WKH�IUHVKZDWHU�PDUVK��DV
FKDUDFWHUL]HG�E\�D�GLYHUVH�DUUD\�RI�VSHFLHV��ZLOO�RFFXU�RYHU�WKH����\HDU�SODQQLQJ
SHULRG�IRU�WKH�ZLWKRXW�SURMHFW�FRQGLWLRQV����%DVHG�XSRQ�WKH�OLPLWHG�GHJUHH�RI
XQGHUVWDQGLQJ�RI�WKLV�V\VWHP��DQ�XQFHUWDLQW\�DV�WR�ZKHWKHU�WKLV�ZLOO�RU�ZLOO�QRW
KDSSHQ�H[LVWV����7KHUHIRUH��DQ�H[HUFLVH�ZDV�SHUIRUPHG�WR�GHOLQHDWH�WKH�DUHD�ZLWKLQ
ZKLFK�WKH�KLJKHVW�SRWHQWLDO�IRU�DQ\�VDOLQLW\�LQGXFHG�FKDQJHV�ZRXOG�EH�H[SHFWHG�WR
RFFXU�

7R�IDFLOLWDWH�WKH�GHOLQHDWLRQ�RI�WKH�DUHD�RI�JUHDWHVW�SRWHQWLDO�LPSDFW��VDOLQLW\
FRQWRXUVIRU�D�IORZ�RI�������FXELF�IHHW�SHU�VHFRQG�IRU�WKH�H[LVWLQJ�FRQGLWLRQV�DQG�WKH
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SRVW�GHHSHQLQJ�FRQGLWLRQV�ZHUH�JHQHUDWHG����6LQFH�WKH�����SSW�FRQWRXU�KDV�EHHQ�XVHG
WR�DSSUR[LPDWH�WKH�H[WHQW�RI�WKH�IUHVKZDWHU�V\VWHP��WKH�FKDQJH�LQ�WKH�SK\VLFDO
ORFDWLRQ�RI�WKH�����SSW�FRQWRXU�ZDV�GHWHUPLQHG����7KH�DUHD�EHWZHHQ�WKH�H[LVWLQJ�DQG
SURMHFWHG�����SSW�FRQWRXUV�ZDV�GHOLQHDWHG��WR�GHWHUPLQH�WKH�SRWHQWLDO�]RQH�RI�LPSDFW�
�7KLV�DUHD�KDG�EHHQ�RULJLQDOO\�GHWHUPLQHG�WR�EH������DFUHV�DV�SUHVHQWHG�LQ�WKH�'(,6
SULRU�WR�WKH�VDOLQLW\�PRGHO�EHLQJ�UHFDOLEUDWHG���$IWHU�WKH�PRGHO�ZDV�FRQVLGHUHG�WR�EH
FDOLEUDWHG�DSSURSULDWHO\�IRU�WKLV�DSSOLFDWLRQ�E\�UHYLHZHUV�IURP�WKH�QDWXUDO�UHVRXUFH
DJHQFLHV��WKH�SRWHQWLDO�]RQH�RI�LPSDFW�ZDV�GHWHUPLQHG�WR�EH�DSSUR[LPDWHO\����
DFUHV�

,W�PXVW�EH�HPSKDVL]HG�WKDW�WKH�H[LVWLQJ�FRQGLWLRQ�FRQWRXUV�DQG�WKH�SURMHFWHG
FKDQJHV�LQ�WKHVH�FRQWRXUV�UHSUHVHQW�D�FRQVHUYDWLYH�VFHQDULR����([LVWLQJ�VDOLQLW\
FRQWRXUV�ZHUH�FDOFXODWHG�IRU�VWDJHV�WKDW�H[FHHG�����IHHW��ZKLFK�LV�WKH�ORZHVW
PLQLPXP�HOHYDWLRQ�DW�ZKLFK�WKH�PDUVKHV�LQ�WKH�SRWHQWLDO�LPSDFW�DUHD�IORRG����%DVHG
RQ�DQDO\VLV�RI�KLVWRULF�VWDJH�GDWD�IRU�������WKLV�HOHYDWLRQ�LV�RQO\�H[FHHGHG�����
SHUFHQW�RI�WKH�WLPH�GXULQJ�WKH�\HDU����,Q�DGGLWLRQ��VDOLQLWLHV�ZKHQ�WLGHV�DUH�DW�WKLV
VWDJH�DUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKH�DYHUDJH�VDOLQLWLHV�FDOFXODWHG�IRU�DOO�WLGHV�DQG
VWDJHV����)RU�H[DPSOH��DW�VWDWLRQ�*3$����LQ�WKH�)URQW�5LYHU��WKH���WK�SHUFHQWLOH
VDOLQLW\�FRQFHQWUDWLRQ�IRU�DOO�VWDJHV�LV�����SSW�DV�FRPSDUHG�WR�����SSW�IRU�VWDJHV
H[FHHGLQJ�����IHHW�DQG�IORZV�RI�������FXELF�IHHW�SHU�VHFRQG�

([LVWLQJ�FRQGLWLRQ�FRQWRXUV�ZHUH�GHWHUPLQHG�IRU�IORZV�RI������FXELF�IHHW�SHU�VHFRQG�
������FXELF�IHHW�SHU�VHFRQG��DQG�������FXELF�IHHW�SHU�VHFRQG���6DOLQLW\�FRQFHQWUDWLRQV
IRU�WKH���WK�DQG���WK�SHUFHQWLOH�JURXSV�DUH�VKRZQ�IRU�DOO�FRQWLQXRXV�PRQLWRULQJ
VWDWLRQV�LQ�7DEOHV������WKURXJK������LQ�6HFWLRQ���������7KH�UHVSHFWLYH�FRQWRXUV�IRU�WKH
��WK�SHUFHQWLOH�JURXS�DUH�SUHVHQWHG�JUDSKLFDOO\�LQ�)LJXUHV������WKURXJK��������
6DOLQLW\�FRQWRXUV�ZHUH�GHWHUPLQHG�IRU�WKH�������FXELF�IHHW�SHU�VHFRQG�IRU�WKH�SRVW�
SURMHFW�FRQGLWLRQV�VLQFH�WKLV�IORZ�ZDV�VXJJHVWHG�LQ�LQWHUDJHQF\�PHHWLQJV�DV�D�JRRG
UHSUHVHQWDWLYH�JURZLQJ�VHDVRQ�FRQGLWLRQ����7KH�SURMHFWHG�VDOLQLW\�FKDQJHV�IRU�WKLV
IORZ�UHJLPH�DUH�SUHVHQWHG�LQ�7DEOH������DQG�WKH�SRVW�GHHSHQLQJ�FRQWRXUV�DUH�VKRZQ
LQ�)LJXUH���������7KH�FRPSDULVRQ�LQ�WKH�H[LVWLQJ�FRQGLWLRQ�����SSW�FRQWRXU�DQG�WKH
SURMHFWHG�XSVWUHDP�PRYHPHQW�RI�WKLV�FRQWRXU�LV�VKRZQ�LQ�)LJXUH���������$V�VWDWHG
DERYH��WKH�DUHD�VKRZQ�WR�EH�DIIHFWHG�E\�WKLV�PRYHPHQW�RI�WKH�����SSW�ERXQGDU\�LV
DSSUR[LPDWHO\�����DFUHV�

7DEOH�������+LJK�7LGH�6XUIDFH�6DOLQLW\�,PSDFWV�DW�������FIV

3HUFHQWLOH��SSW�
6WDWLRQ ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK ��WK
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86)	: ��� ��� ��� ��� ��� ��� ��� ��� ���
/XFNQRZ ��� ��� ��� ��� ��� ��� ��� ��� ���

,W�QHHGV�WR�EH�HPSKDVL]HG�WKDW�WKLV�����DFUH�ILJXUH�GRHV�QRW�HTXDWH�WR�����DFUHV�RI
FKDQJH��LW�PHUHO\�LQGLFDWHV�WKH�]RQH�LQ�ZKLFK�D�ORVV�RI�IXWXUH�EHQHILWV��LI�DQ\�ZHUH�WR
RFFXU�DW�DOO��ZRXOG�EH�ORFDWHG����1R�ORVV�RI�PDUVK�RU�VKLIWV�LQ�WKH�H[LVWLQJ�YHJHWDWLYH
GRPLQDQFH�DUH�H[SHFWHG�WR�RFFXU�ZLWKLQ�WKH�]RQH����$Q\�IXWXUH�YHJHWDWLYH�FKDQJHV
ZLWKLQ�WKH�PDUVK�WKDW�FRXOG�RFFXU�LQ�WKH�ZLWKRXW�SURMHFW�FRQGLWLRQ�ZRXOG�EH�VXEWOH
DQG�RFFXU�RYHU�D�ORQJ�SHULRG�RI�WLPH���

7KH�SUHVHQW�HFRORJLFDO�VWXG\��(QFORVXUH�*��KDV�SURYLGHG�D�WKRURXJK�GHVFULSWLRQ�RI
WKH�H[LVWLQJ�YHJHWDWLYH�FRPPXQLWLHV�DQG�DVVRFLDWLRQV�SUHVHQW�LQ�WKH�VWXG\�DUHD���
4XDQWLWDWLYH�YHJHWDWLRQ�TXDGUDWV�ZHUH�HVWDEOLVKHG�DW����ORFDWLRQV�DQG�GHWDLOHG
DQDO\VHV�RI�YHJHWDWLRQ�FRQGXFWHG����,Q�DGGLWLRQ��TXDOLWDWLYH�YHJHWDWLYH�VDPSOLQJ�SORWV
ZHUH�HVWDEOLVKHG�DW����RWKHU�ORFDWLRQV�ZLWKLQ�WKH�VWXG\�DUHD���7KH�GDWD�JHQHUDWHG
IURP�WKHVH�TXDQWLWDWLYH�TXDGUDWV�DQG�TXDOLWDWLYH�SORWV�ZHUH�XVHG�WR�FODVVLI\
YHJHWDWLRQ�VLJQDWXUHV�RQ�D�VDWHOOLWH�LPDJH����7KLV�FODVVLILFDWLRQ�RI�WKH�VDWHOOLWH�LPDJH
ZDV�GHYHORSHG�LQWR�D�YHJHWDWLRQ�PDS�IRU�WKH�VWXG\�DUHD����7KH�YHJHWDWLRQ�PDS
SURYLGHV�DQ�XS�WR�GDWH�SLFWXUH�RI�YHJHWDWLRQ�FRQGLWLRQV�ZLWKLQ�WKH�VWXG\�DUHD�

$W�DOO�WLPHV�GXULQJ�WKH�ILHOG�ZRUN�DQG�GDWD�DQDO\VHV�IRU�WKLV�SURMHFW��FDUHIXO
FRQVLGHUDWLRQ�ZDV�JLYHQ�WR�WKH�UHVXOWV�UHSRUWHG�LQ�WKH�SUHYLRXV�VWXG\�FRQGXFWHG�E\
3HDUOVWLQH�HW�DO�����������7KH�UHVXOWV�RI�WKH�FXUUHQW�VWXG\�JHQHUDOO\�FRUURERUDWH�WKH
YHJHWDWLRQ�SDWWHUQV�IRXQG�E\�3HDUOVWLQH�HW�DO����������DV�UHSRUWHG�LQ�WKHLU�FODVVLILHG
VDWHOOLWH�LPDJH����+RZHYHU��WKH�H[LVWLQJ�YHJHWDWLRQ�SDWWHUQV�DV�GHWHUPLQHG�E\�WKH
FXUUHQW�VWXG\�GR�QRW�VXSSRUW�WKH�SUHGLFWLRQ�RI�UDSLG��GUDPDWLF�VKLIWV�LQ�YHJHWDWLRQ�DV
D�UHVXOW�RI�UHPRYDO�RI�WKH�WLGH�JDWH�LQ�WKH�HDUO\�����V���+RZHYHU��WKLV�PD\�VLPSO\
LQGLFDWH�WKDW�QRW�HQRXJK�WLPH�KDV�HODSVHG�IRU�YHJHWDWLRQ�UHFRYHU\�WR�RFFXU�

'HVSLWH�WKH�RYHUDOO�VWDELOLW\�RI�YHJHWDWLRQ�SDWWHUQV��WKHUH�DUH�DW�OHDVW���DUHDV�RI
VXEVWDQWLDO�FKDQJH���$IWHU�LQVWDOODWLRQ�RI�WKH�WLGH�JDWH��WKHUH�ZDV�D�SURQRXQFHG�GLH�
RII�RI�WUHHV�LQ�WKH�VRXWKHDVW�FRUQHU�RI�8UVOD�,VODQG�DGMDFHQW�WR�WKH�0LGGOH�5LYHU���
7KLV�WUHH�GHDWK�ZDV�QRW�UHSRUWHG�LQ�WKH�3HDUOVWLQH�HW�DO����������VWXG\�DQG�UHPDLQV
XQH[SODLQHG����6DOLQLW\�FKDQJHV�DUH�RQH�H[SODQDWLRQ��KRZHYHU��VXFK�WUHH�GHDWK�FRXOG
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DOVR�EH�FDXVHG�E\�FKDQJHV�LQ�ZDWHU�OHYHOV���$OWKRXJK�QRW�DQDO\]HG�LQ�WKLV�VWXG\��WKH
WLGH�JDWH�ZRXOG�KDYH�FDXVHG�FKDQJHV�LQ�ZDWHU�OHYHOV�DV�ZHOO�DV�VDOLQLW\�LQ�VRPH�DUHDV
RI�WKH�61:5����&KDQJHV�LQ�ZDWHU�OHYHOV�FRXOG�DOVR�KDYH�EHHQ�FDXVHG�E\�WKH�GUHGJLQJ
RI�0F&R\·V�&XW�QRUWK�RI�WKH�LPSDFW�DUHD����7KH�RWKHU�YHJHWDWLYH�FKDQJH�WKDW�LV
DSSDUHQW�IURP�UHYLHZ�RI�WKH�DYDLODEOH�KLVWRULF�DHULDOV�LV�WKH�VSUHDG�RI�7\SKD
DQJXVWLIROLD�ZLWKLQ�WKH�61:5�PDUVKHV�VRXWK�RI�WKH�+RXOLKDQ�%ULGJH�VLQFH�WKH�WLGH
JDWH�ZDV�WDNHQ�RXW�RI�RSHUDWLRQ�

7KH�JRDO�RI�WKH�PLWLJDWLRQ�SURJUDP�LV�WR�SURYLGH�IRU�WLGDO�IUHVKZDWHU�PDUVK�KDELWDW
WKDW�ZLOO�EH�XQDYRLGDEO\�DIIHFWHG�E\�LQFUHDVHG�VDOLQLWLHV���7KH�PD[LPXP�]RQH�RI
SRWHQWLDO�ZHWODQG�LPSDFW�KDV�EHHQ�GHWHUPLQHG�WR�EH�����DFUHV�LQ�VL]H���7KH�]RQH�RI
SRWHQWLDO�LPSDFW�IURP�VDOLQLW\�PD\�EH�UHGXFHG�E\�FRQVWUXFWLRQ�RI�WKH�0LGGOH�5LYHU
FORVXUH�RU�DQ\�RWKHU�LPSDFW�DYRLGDQFH�IHDWXUH���0RGHOLQJ�RI�WKHVH�RSWLRQV�ZLOO�EH
XVHG�WR�GHWHUPLQH�WKH�DFWXDO�]RQH�RI�LPSDFW���%DVHG�RQ�WKH�YHJHWDWLYH�VWXG\�DQG�WKH
SUHYLRXV�VWXGLHV�FRQGXFWHG�E\�3HDUOVWLQH�HW�DO����������WKH�ZRUVW�FDVH�LPSDFWV�ZLWKLQ
WKLV�]RQH�KDYH�EHHQ�FRQVHUYDWLYHO\�HVWLPDWHG�WR�EH�UHSUHVHQWHG�E\�D����SHUFHQW
GHFUHDVH�LQ�WKH�IXQFWLRQDO�YDOXH�RI�WKH�WLGDO�PDUVKHV�RYHU�WKRVH�WKDW�DUH�RXWVLGH�RI
WKH�����DFUH�]RQH���7KLV�HTXDWHV�WR�DQ�LPSDFW�RI�����DFUHV�

7KURXJKRXW�WKH�VFRSLQJ�DQG�VWXGLHV�FRQGXFWHG�IRU�WKLV�SURMHFW��FRRUGLQDWLRQ�KDV
EHHQ�RQ�JRLQJ��ZLWK�WKH�QDWXUDO�UHVRXUFH�DJHQFLHV�WR�LGHQWLI\�PLWLJDWLRQ
RSSRUWXQLWLHV�IRU�SRWHQWLDO�LPSDFWV�WR�WLGDO�IUHVKZDWHU�PDUVK���&RQVWUXFWLRQ�RI�QHZ
IUHVKZDWHU�PDUVK�RQ�DQ�XSODQG�VLWH�RU�GLNLQJ�H[LWLQJ�VDOW�PDUVK�KDV�EHHQ�FRQVLGHUHG
WR�EH�DQ�XQGHVLUDEOH�RSWLRQ���1R�SRWHQWLDO�UHVWRUDWLRQ�VLWHV�KDYH�EHHQ�LGHQWLILHG�LQ
WKH�IUHVKZDWHU�DUHDV�RI�WKH�KDUERU���$FTXLVLWLRQ�RI�IUHVKZDWHU�ZHWODQGV�DQG�DGMDFHQW
XSODQGV�IRU�LQFRUSRUDWLRQ�LQWR�WKH�61:5�ZDV�LGHQWLILHG�DV�WKH�SUHIHUUHG�PLWLJDWLRQ
RSWLRQ�

/DQG�ZLOO�EH�DFTXLUHG�DQG�LQFRUSRUDWHG�LQWR�WKH�61:5�DW�D�UDWLR�RI������
&RQVHTXHQWO\��DGYHUVH�LPSDFWV�WR�WKH�WLGDO�IUHVKZDWHU�PDUVKHV�ZLWKLQ�WKH�����DFUH
]RQH�ZRXOG�EH�FRPSHQVDWHG�IRU�E\�DFTXLVLWLRQ�RI�������DFUHV�RI�ODQG�IRU
LQFRUSRUDWLRQ�LQWR�WKH�61:5���,Q�RUGHU�WR�DGHTXDWHO\�PLWLJDWH�IRU�WKH�´ZRUVW�FDVHµ
VFHQDULR�DQG�WR�DFFRXQW�IRU�YDULDWLRQV�LQ�WKH�W\SH�RI�ODQG�WR�EH�DTXLUHG��WKH
PLWLJDWLRQ�SODQ�DQG�DVVRFLDWHG�FRVWV�ZLOO�EH�EDVHG�RQ�DFTXLVLWLRQ�RI�XS�WR�������DFUHV�
�3RWHQWLDO�DFTXLVLWLRQ�SDUFHOV�DUH�LGHQWLILHG�LQ�WKH�61:5�ODQG�DFTXLVLWLRQ�SODQ�WKDW
LQFOXGHV�RYHU��������DFUHV�RI�IUHVKZDWHU�ZHWODQGV�DQG�DGMDFHQW�XSODQGV���)LJXUH�����
VKRZV�D�UHSUHVHQWDWLYH�VLWH�WR�EH�FRQVLGHUHG�IRU�DFTXLVLWLRQ��ZKLFK�FRQVLVWV
SUHGLPLQDQWO\�RI�WLGDO�IUHVKZDWHU�PDUVK���7KH�DSSURSULDWH�SDUFHOV�IRU�SXUFKDVH�ZLOO
EH�GHWHUPLQHG�WKURXJK�FRRUGLQDWLRQ�ZLWK�WKH�UHVRXUFH�DJHQFLHV�DQG�WKH�61:5�VWDII�

��� $GMDFHQW�6KRUHOLQHV
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$Q�LPSRUWDQW�HQYLURQPHQWDO�FRQVHTXHQFH�WR�EH�FRQVLGHUHG�LV�WKH�SRWHQWLDO�LPSDFW�RI
WKH�SURMHFW�RQ�DGMDFHQW�VKRUHOLQHV����7KH�VWDELOLW\�RI�WKHVH�VKRUHOLQHV�PD\�EH�DIIHFWHG
E\�FKDQJHV�LQ�ZDWHU�OHYHO��WLGDO�FXUUHQWV��OLWWRUDO�GULIW�RU�ZDYH�HQYLURQPHQW�

7KH���GLPHQVLRQDO�K\GURG\QDPLF�PRGHO�ZDV�XWLOL]HG�WR�HYDOXDWH�WKH�FKDQJHV�LQ�WKH
ZDWHU�VXUIDFH�HOHYDWLRQ�DQG�WKH�FXUUHQWV�WKURXJK�WKH�SURSRVHG�SURMHFW����7KH�PRGHO
ZDV�UXQ�XQGHU�WKH�SURSRVHG�GHVLJQ�GHSWK�HOHYDWLRQ�DORQJ�ZLWK�WKH�H[LVWLQJ�GHVLJQ
GHSWK�HOHYDWLRQ�SOXV�RYHUGUHGJH�GHSWKV����&RPSDULVRQ�RI�WKH�ORQJLWXGLQDO�FKDQJHV
WR�WKH�ZDWHU�VXUIDFH�HOHYDWLRQ�IURP�RIIVKRUH�RI�)RUW�3XODVNL�XS�WR�WKH�,����%ULGJH�DQG
DORQJ�WKH�0LGGOH�5LYHU�DQG�/LWWOH�%DFN�5LYHU��VKRZHG�QR�VLJQLILFDQW�FKDQJH�LQ�WKH
ZDWHU�VXUIDFH�HOHYDWLRQ�DW�KLJK�WLGH��ZLWK�D�VOLJKW��OHVV�WKDQ������PHWHU��ULVH�LQ�WKH
ORZ�WLGH�HOHYDWLRQV����$V�VKRUHOLQH�LQXQGDWLRQ�LPSDFWV�DUH�SULPDULO\�HYDOXDWHG�DW
KLJK�WLGH��WKH�PRGHO�LQGLFDWHV�QR�DGYHUVH�LPSDFWV�WR�DGMDFHQW�VKRUHOLQHV�DQG
PDUVKHV�GXH�WR�D�ULVH�LQ�WKH�H[LVWLQJ�ZDWHU�OHYHOV���(YDOXDWLRQ�RI�WKH�FKDQJHV�LQ�WKH
YHORFLWLHV�ZLWKLQ�WKH�VWXG\�DUHD�GXH�WR�WKH�SURSRVHG�GHHSHQLQJ�VKRZ�WKDW
WKURXJKRXW�WKH�V\VWHP�WKH�GHHSHQLQJ�ZLOO�HLWKHU�UHGXFH�RU�QRW�FKDQJH�WKH�WLGDOO\
GULYHQ�YHORFLWLHV�

7KH�QHDUVKRUH�IHHGHU�EHUP�SODFHPHQW�PD\�LQGXFH�FKDQJHV�LQ�WKH�QHDUVKRUH�FXUUHQW
ILHOG����7KH�LPSDFW�WR�WKH�QHDUVKRUH�FXUUHQW�ILHOG�VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�LI�WKH
IHHGHU�EHUP�LV�VHOHFWHG�DV�D�EHQHILFLDO�XVH�DOWHUQDWLYH�WR�EH�FRQVWUXFWHG�

$�ZDYH�UHIUDFWLRQ�GLIIUDFWLRQ�VWXG\�ZDV�SHUIRUPHG�WR�GHWHUPLQH�WKH�HIIHFWV�RI�WKH
FKDQQHO�GUHGJLQJ�DQG�IHHGHU�EHUP�FRQVWUXFWLRQ�RQ�LQFRPLQJ�ZDYHV�DQG�DQ\
UHVXOWLQJ�LPSDFW�WR�WKH�VKRUHOLQHV�LQ�WKH�SURMHFW�UHJLRQ����7KLV�VHFWLRQ�SURYLGHV�D
GLVFXVVLRQ�RI�WKH�SRWHQWLDO�IRU�SURMHFW�UHODWHG�LPSDFWV�RQ�FRDVWDO�SURFHVVHV�LQ�WKH
SURMHFW�UHJLRQ��D�GHVFULSWLRQ�RI�WKH�PHWKRGRORJ\�XVHG�LQ�WKH�ZDYH�VWXG\��DQG�D
VXPPDU\�RI�WKH�UHVXOWV����$�GHWDLOHG�SUHVHQWDWLRQ�RI�WKH�FKDQQHO�GHHSHQLQJ�ZDYH
UHIUDFWLRQ�GLIIUDFWLRQ�DQDO\VLV�LV�IRXQG�LQ�WKH�3UHOLPLQDU\�&RDVWDO�(URVLRQ�6WXG\�²
6DYDQQDK�+DUERU�'HHSHQLQJ��$70��������

����� 3RWHQWLDO�IRU�3URMHFW�5HODWHG�$GMDFHQW�%HDFK�,PSDFWV

������� /LWWRUDO�7UDQVSRUW

/LWWRUDO�WUDQVSRUW�LV�GHILQHG�DV�WKH�PRYHPHQW�RI�VHGLPHQWV�LQ�WKH�QHDUVKRUH�]RQH�E\
ZDYHV�DQG�FXUUHQWV��WKH�PDWHULDO�WUDQVSRUWHG�LV�FDOOHG�OLWWRUDO�GULIW����&KDQJHV�WR�WKH
OLWWRUDO�WUDQVSRUW�V\VWHP�PD\�LQGXFH�WKH�HURVLRQ�RU�DFFUHWLRQ�RI�VKRUHOLQHV��H�J���D
VWUXFWXUH�LQKLELWLQJ�VDQG�PRYLQJ�DORQJ�D�VKRUHOLQH�ZLOO�FDXVH�DFFUHWLRQ�RQ�WKH
XSGULIW�VLGH�DQG�HURVLRQ�RQ�WKH�GRZQGULIW�VLGH��

,Q�WKH�6DYDQQDK�UHJLRQ��WKH�GLUHFWLRQ�RI�WKH�QHW�OLWWRUDO�WUDQVSRUW�LV�JHQHUDOO\�WR�WKH
VRXWK���+RZHYHU��WKLV�YDULHV�ORFDOO\��GHSHQGHQW�RQ�WKH�VKRUHOLQH�RULHQWDWLRQ��WKH�ORFDO
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EDWK\PHWU\�DQG�ORFDO�WLGDO�FXUUHQWV��H�J���WKH�QHW�OLWWRUDO�WUDQVSRUW�LV�GLUHFWHG
QRUWKZDUG�DORQJ�WKH�QRUWKHUQ�HQG�RI�7\EHH�,VODQG�

$�FRQFHUQ�LV�WKDW�WKH�QDYLJDWLRQ�FKDQQHO�GHHSHQLQJ�ZLOO�LQFUHDVH�HQWUDSPHQW�RI
VHGLPHQWV�LQ�WKH�HQWUDQFH�FKDQQHO��WKHUHE\�DOWHULQJ�WKH�OLWWRUDO�WUDQVSRUW�V\VWHP�DQG
SRVVLEO\�DOWHULQJ�WKH�VKRUHOLQH�HURVLRQ�UDWHV�DORQJ�7\EHH�,VODQG���+RZHYHU��DQ
HQJLQHHULQJ�DQDO\VLV�SHUIRUPHG�E\�WKH�6DYDQQDK�'LVWULF�K\GUDXOLF�HQJLQHHUV
�6HFWLRQ�����������RI�WKH�(QJLQHHULQJ�$SSHQGL[��LQGLFDWHV�WKDW�WKH�SURSRVHG
DGGLWLRQDO�GHSWK�RI�WKH�HQWUDQFH�FKDQQHO�ZLOO�QRW�LQFUHDVH�WKH�DPRXQW�RI�VHGLPHQW
WKDW�DFFXPXODWHV�LQ�WKH�H[LVWLQJ�FKDQQHO���7KHUHIRUH��WKH�SURSRVHG�GHHSHQLQJ�ZLOO
QRW�LQFUHPHQWDOO\�LPSDFW�WKH�OLWWRUDO�WUDQVSRUW�V\VWHP�RU�HURVLRQ�UDWHV�DORQJ�7\EHH
,VODQG�

7KH�86):6�UDLVHG�D�FRQFHUQ�WKDW�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�PD\�LQFUHDVH
EHDFK�HURVLRQ�RQ�:DVVDZ�,VODQG�1:5�DQG�%ODFNEHDUG�,VODQG�1:5���7KLV�FRQFHUQ�LV
DGGUHVVHG�E\�GHWHUPLQLQJ�LI�WKH�H[WHQVLRQ�LV�LQ�WKH�]RQH�RI�DFWLYH�OLWWRUDO�WUDQVSRUW��
+DOOHUPHLU��������GHILQHG�DQ�DQQXDO�VHDZDUG�OLPLWLQJ�GHSWK��GVD��RI�WKH�OLWWRUDO�]RQH
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��ZKHUH�+����LV�WKH�GHHS�ZDWHU�ZDYH�KHLJKW�H[FHHGHG

���KRXUV�D�\HDU��DQG�/����LV�WKH�GHHS�ZDWHU�ZDYH�OHQJWK�WKDW�FRUUHVSRQGV�WR�+�����
8VLQJ�WKH�ZDYH�GDWD�IRU�WKH�8��6��$WODQWLF�&RDVW�IRU�6WDWLRQ�����WKH�YDOXH�IRU�+����ZDV
GHWHUPLQHG�WR�EH������IHHW���+DOOHUPHLU·V�HTXDWLRQ�WKHQ�SUHGLFWV�WKH�OLPLWLQJ�GHSWK�WR
EH����IHHW�

7KH�SURSRVHG�(QWUDQFH�&KDQQHO�H[WHQVLRQ�LV�ORFDWHG�LQ�ZDWHUV�WKDW�DUH�QDWXUDOO\
JUHDWHU�WKDQ����IHHW�GHHS���7KHUHIRUH��WKH�SURSRVHG�H[WHQVLRQ�LV�ORFDWHG�RXWVLGH�WKH
]RQH�RI�DFWLYH�OLWWRUDO�WUDQVSRUW��DQG�KHQFH��ZLOO�QRW�LQFUHDVH�HURVLRQ�UDWHV�RQ�WKHVH
EHDFKHV�����

������� ,QFLGHQW�:DYH�)LHOG

/RQJVKRUH�VHGLPHQW�WUDQVSRUW�LV�D�IXQFWLRQ�RI�LQFLGHQW�ZDYH�HQHUJ\�DQG�LQFLGHQW
ZDYH�DQJOH�UHODWLYH�WR�WKH�VKRUHOLQH����2IIVKRUH��LQ�GHHS�ZDWHU��ZLQG�GLUHFWLRQ�DQG
PDJQLWXGH�GHWHUPLQH�ZDYH�KHLJKW�DQG�GLUHFWLRQ����$V�WKH�ZDYHV�DSSURDFK�WKH
VKRUHOLQH�DQG�HQWHU�VKDOORZHU�ZDWHU��WKH�EDWK\PHWU\�ZLOO�VKRDO�DQG�UHIUDFW�WKH
ZDYHV����7KH�SURSRVHG�UHPRYDO�RI�PDWHULDO�IURP�WKH�(QWUDQFH�&KDQQHO�ZLOO�DOWHU�WKH
EDWK\PHWU\�DQG�SRWHQWLDOO\�DOWHU�ZDYH�UHIUDFWLRQ�ZDYH�IRFXVLQJ�LQ�WKH�SURMHFW�DUHD�
ZKLFK�PD\��LQ�WXUQ��LPSDFW�FRDVWDO�HURVLRQ�LQ�WKH�VWXG\�DUHD��

����� :DYH�5HIUDFWLRQ�'LIIUDFWLRQ�0RGHO

7KH�VWDWH�RI�WKH�DUW�QXPHULFDO�PRGHO�5()�',)���.LUE\�DQG�'DOU\PSOH���������ZKLFK
LQFOXGHV�HIIHFWV�IURP�ERWK�ZDYH�UHIUDFWLRQ�DQG�ZDYH�GLIIUDFWLRQ��ZDV�XVHG�WR
HYDOXDWH�SRWHQWLDO�SURMHFW�LPSDFWV�RQ�WKH�QHDUVKRUH�ZDYH�HQYLURQPHQW�LQ�WKH�SURMHFW
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DUHD����$�EULHI�VXPPDU\�RI�WKH�JHQHUDO�PHWKRGRORJ\�XWLOL]HG�LQ�DSSO\LQJ�WKLV�PRGHO
IROORZV�

• $�VHW�RI�UHSUHVHQWDWLYH�RIIVKRUH�ZDYH�FRQGLWLRQV�LV�GHILQHG�WR�XWLOL]H�DV�WKH
PRGHO�ERXQGDU\�IRUFLQJV�

• 7KH�EDWK\PHWU\�ZLWKLQ�WKH�VWXG\�DUHD�XQGHU�WKH�GHVLUHG�FRQGLWLRQV��L�H���SUH��DQG
SRVW�3URMHFW��LV�GHILQHG�

• 7KH�QXPHULFDO�PRGHO�5()�',)��FDOFXODWHV�WKH�WUDQVIRUPDWLRQ�RI�WKH�ZDYH�ILHOG
IURP�RIIVKRUH�WR�WKH�VWXG\�VKRUHOLQH�

• 7KH�GLIIHUHQFHV�LQ�WKH�ZDYH�ILHOG��SUH��DQG�SRVW�SURMHFW��DUH�H[DPLQHG�SULPDULO\
WR�HYDOXDWH�WKH�LPSDFWV�RI�WKH�SURSRVHG�SURMHFW�VLWH�XSRQ�WKH�JHQHUDO�ZDYH
HQHUJ\�GLVWULEXWLRQ�DORQJ�WKH�VWXG\�VKRUHOLQH�

������� 0RGHO�,QSXW�&RQGLWLRQV

��������� %DWK\PHWU\

7KH�DUHD�VWXGLHG�H[WHQGV�DSSUR[LPDWHO\����PLOHV�DORQJVKRUH��IURP�WKH�DSSUR[LPDWH
PLGSRLQW�RI�+LOWRQ�+HDG�,VODQG�WR�EH\RQG�WKH�VRXWKHUQ�HQG�RI�/LWWOH�7\EHH�,VODQG���
:LWKLQ�WKLV�DUHD����EDWK\PHWULF�FRQGLWLRQV�ZHUH�GHILQHG��WKH�H[LVWLQJ�FRQGLWLRQV��DQG
WKH�SRVW�SURMHFW�FRQGLWLRQV�FKDUDFWHUL]LQJ�WKH�UHPRYDO�RI�VHGLPHQW�IURP�WKH
(QWUDQFH�&KDQQHO����7KH�SRVW�SURMHFW�EDWK\PHWU\�ZDV�GHILQHG�E\�WKH�UHPRYDO�RI�DOO
VHGLPHQW�DERYH�WKH�����IHHW�0/:�FRQWRXU�ZLWKLQ�WKH�SURSRVHG�(QWUDQFH�&KDQQHO
ERXQGDULHV�WR�LQFOXGH�FRQVWUXFWHG�GHSWK�ZLWK�DGYDQFHG�PDLQWHQDQFH�DQG
RYHUGUHGJH�DOORZDQFHV��

7KH�H[LVWLQJ�EDWK\PHWU\�ZDV�GHILQHG�E\�FRPELQLQJ�YDULRXV�VXUYH\�GDWD�VHWV
FROOHFWHG�EHWZHHQ������DQG�WKH�SUHVHQW����7KH�GDWD�IRU�WKH�H[LVWLQJ�(QWUDQFH�&KDQQHO
JHRPHWU\�ZHUH�WDNHQ�IURP�D�VXUYH\�FRQGXFWHG�E\�WKH�86$&(�LQ�0D\���������$OO
GHSWK�GDWD�ZHUH�FROOHFWHG�E\�IDWKRPHWHU��DQG�D�WLGH�VWDII�ORFDWHG�QHDU�)RUW�3XODVNL
SURYLGHG�WLGDO�FRUUHFWLRQV����7KH�UHPDLQLQJ�GDWD�XVHG�LQ�WKH�PRGHO�ZHUH�WDNHQ�IURP
12$$�K\GURJUDSKLF�VXUYH\V�FRQGXFWHG�EHWZHHQ������DQG���������7KHVH�DUH�WKH
VDPH�12$$�GDWD�VHWV�WKDW�ZHUH�XWLOL]HG�WR�SURGXFH�WKH�IDPLOLDU�12$$�QDXWLFDO
FKDUWV����+RZHYHU��WKH������GDWD�DUH�UHVWULFWHG�WR�DUHDV�RI�QR�LPSRUWDQFH�LQ�WKLV�VWXG\
�L�H���:DVVDZ�6RXQG�DQG�WKH�SRUWLRQ�RI�&DOLERJXH�6RXQG�EHKLQG�+LOWRQ�+HDG
,VODQG�����$OO�RWKHU�VXUYH\�GDWD�GR�QRW�GDWH�SULRU�WR���������$OWRJHWKHU��RYHU�������
GDWD�SRLQWV�ZHUH�XVHG�WR�GHILQH�WKH�EDWK\PHWU\�DQG�LQSXW�LQWR�WKH�PRGHO�WR�HVWDEOLVK
WKH�PRVW�XS�WR�GDWH�EDWK\PHWULF�UHSUHVHQWDWLRQ�SRVVLEOH�

7KH�PRGHO�GRHV�QRW�VLPXODWH�WLGDO�IOXFWXDWLRQV�RU�WLGDO�FXUUHQWV��IRU�LW�RSHUDWHV�XQGHU
VWDWLF�ZDWHU�OHYHO�FRQGLWLRQV����)RU�DOO�PRGHO�UXQV��WKH�HOHYDWLRQ�RI�WKH�EDWK\PHWU\
ZDV�RIIVHW�E\�����IHHW�WR�WKH�1*9'�GDWXP�WR�DSSUR[LPDWH�PHDQ�WLGDO�FRQGLWLRQV��
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��������� :DYH�&OLPDWH

:DYH�GDWD�ZHUH�REWDLQHG�IURP�D����\HDU�KLQGFDVW�SHUIRUPHG�E\�WKH�86$&(�:DYH
,QIRUPDWLRQ�6WXG\��:,6��IRU�WKH�8���6���$WODQWLF�&RDVW�IRU�6WDWLRQ�����ORFDWHG
DSSUR[LPDWHO\����PLOHV�HDVW�RI�6DYDQQDK�DW��������1��������:����7KH�VWDWLRQ�LV�ORFDWHG
LQ�DSSUR[LPDWHO\����IHHW�RI�ZDWHU����7KH�:,6�GDWD�VHW�XVHG�LV�D�WLPH�VHULHV�WKDW
SURYLGHV�VLJQLILFDQW�ZDYH�KHLJKW��SHDN�SHULRG��DQG�SHDN�GLUHFWLRQ�DW���KRXU�LQWHUYDOV
WKURXJKRXW�WKH����\HDU�VWXG\�SHULRG�IURP������WR��������

7KH�DYHUDJH�DQG�VWRUP�FRQGLWLRQV�IRU�WKH�PRGHO�LQSXWV�ZHUH�FDOFXODWHG�IRU�������
GHJUHH�GLUHFWLRQDO�FRPSDVV�VHFWRUV��QRUWKHDVW��HDVW��VRXWKHDVW�DQG�VRXWK��ZLWK�GXH
QRUWK�UHSUHVHQWHG�DV���GHJUHHV����7KH�VWRUP�FRQGLWLRQ�XWLOL]HV�ZDYH�KHLJKWV
GHWHUPLQHG�E\�DQ�H[WUHPH�ZDYH�KHLJKW�DQDO\VLV����$QQXDO�PD[LPD�ZKHUH�FRPSXWHG
IRU�HDFK�FRPSDVV�VHFWRU�XVLQJ�WKH������WR������:,6�6WDWLRQ����GDWD�VHW����7KH�H[WUHPH
ZDYH�KHLJKWV�ZHUH�WKHQ�FDOFXODWHG�E\�DSSO\LQJ�D�)LVKHU�7LSSHWW�7\SH�,�GLVWULEXWLRQ
WR�WKH�DQQXDO�PD[LPD�GDWD�VHW����7KH�VWRUP�FRQGLWLRQ�DOVR�LQFOXGHV�D���IHHW�1*9'
VWRUP�VXUJH����8SRQ�GHWHUPLQDWLRQ�RI�WKH�LQSXW�SDUDPHWHUV��WKH�PRGHO�ZDV�H[HFXWHG
IRU�DYHUDJH�DQG�VWRUP�ZDYHV�IURP�HDFK�GLUHFWLRQ�

������� 0RGHO�5HVXOWV

��������� ([LVWLQJ�:DYH�5HIUDFWLRQ�3DWWHUQV

7KH�ZDYH�UHIUDFWLRQ�SDWWHUQV�FDOFXODWHG�E\�WKH�5()�',)��PRGHO�SURYLGH�LQVLJKW�WR
WKH�HIIHFWV�RI�WKH�EDWK\PHWULF�IHDWXUHV�RQ�WKH�ZDYHV�WKDW�UHDFK�WKH�VKRUHOLQH�LQ�WKH
VWXG\�DUHD����7KH�PRGHO�UHVXOWV�FOHDUO\�VKRZ�WKH�LQIOXHQFH�RI�WKH�VKRDO�IHDWXUHV����7KH
VKRDOV�WR�WKH�VRXWK�DQG�WR�WKH�HDVW�RI�+LOWRQ�+HDG�,VODQG�HIIHFWLYHO\�VKHOWHU
'DXIXVNLH�,VODQG�DQG�7XUWOH�,VODQG�GXULQJ�PRVW�ZDYH�FRQGLWLRQV����7KH�VKRDO
VHDZDUG�RI�7\EHH�,VODQG�FUHDWHV�ZDYH�IRFXVLQJ�RQ�WKH�7\EHH�,VODQG�VKRUHOLQH�

0RGHOLQJ�UHVXOWV�VKRZ�WKH�LQIOXHQFH�WKDW�WKH�FXUUHQW�FKDQQHO�FRQILJXUDWLRQ�KDV�RQ
WKH�H[LVWLQJ�ZDYH�FOLPDWH����7KH�PRGHO�UHVXOWV�LQGLFDWH�WKDW�WKH�FKDQQHO�KDV�GHILQLWH
UHIUDFWLYH�SURSHUWLHV����7KH�FKDQQHO�UHIUDFWV�DQG�IRFXVHV�ZDYHV��DQG�WKH�FKDQQHO�DOVR
DFWV�DV�D�´UHIUDFWLYH�EDUULHUµ�E\�UHIOHFWLQJ�YDU\LQJ�GHJUHHV�RI�ZDYH�HQHUJ\
GHSHQGHQW�RQ�LQFLGHQW�ZDYH�DQJOH�DQG�ZDYH�SHULRG����7KLV�UHVXOWV�LQ�ERWK�LQFUHDVHG
DQG�GHFUHDVHG�DPRXQWV�RI�ZDYH�HQHUJ\�IRFXV�RQ�WKH�7\EHH�,VODQG�VKRUHOLQH�
GHSHQGLQJ�RQ�ZDYH�GLUHFWLRQ�

��������� 'HHSHQLQJ�,PSDFWV�WR�WKH�:DYH�(QYLURQPHQW

:DYH�YHFWRU�FRPSDULVRQ�SORWV�ZHUH�XVHG�WR�FRPSDUH�WKH�SUH��DQG�SRVW�SURMHFW�ZDYH
FRQGLWLRQV����)LJXUH������SUHVHQWV�ZDYH�UHIUDFWLRQ�GLIIUDFWLRQ�GLDJUDPV�IRU�ERWK�SUH�
DQG�SRVW�FKDQQHO�GHHSHQLQJ�IRU�WKH�VRXWKHDVW�DYHUDJH�ZDYH�FRQGLWLRQ��ZKLFK�LV�WKH
PRVW�FRPPRQ�ZDYH�FRQGLWLRQ���7KLV�ILJXUH�SUHVHQWV�D�IORRG�W\SH�FRQWRXU�SORW�RI�WKH
SRVW�SURMHFW�EDWK\PHWU\�GDWD�VHW�XVHG�IRU�WKH�PRGHO�VWXG\���7KH�GLIIHUHQW�FRORUV
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UHSUHVHQW�D�UDQJH�RI�ZDWHU�GHSWKV��DV�LQGLFDWHG�LQ�WKH�OHJHQG����%OXH�LV�WKH�GHHSHVW
ZDWHU�DQG�UHG�LV�DERYH�ZDWHU��ZLWK�DOO�GHSWKV�UHIHUHQFHG�WR�07/����7KLV�SUHVHQWDWLRQ
UHGXFHV�WKH�FRQIXVLRQ�RI�FRQWRXU�OLQH�LQWHUSUHWDWLRQ�DQG�DFFXUDWHO\
UHSUHVHQWV�LOOXVWUDWHV�WKH�GRPLQDQW�VKRDO�DQG�GHHSZDWHU�IHDWXUHV����,Q�WKLV�SORW�
ZDYH�YHFWRUV�DUH�VXSHULPSRVHG�RQ�WKH�PRGHOHG�EDWK\PHWU\����7KH�ZDYH�YHFWRUV�DUH
JUDSKLFDOO\�GLVSOD\HG�DV�DQ�DUURZ�WR�TXDQWLI\�ZDYH�KHLJKW�DQG�ZDYH�GLUHFWLRQ����7KH
OHQJWK�RI�WKH�ZDYH�YHFWRUV�LV�SURSRUWLRQDO�WR�WKH�ZDYH�KHLJKW��DQG�WKH�ZDYH
GLUHFWLRQ�FRUUHVSRQGV�WR�WKH�RULHQWDWLRQ�RI�WKH�DUURZ����$�UHIHUHQFH�YHFWRU�HTXLYDOHQW
WR�D���IRRW�ZDYH�KHLJKW�LV�VKRZQ�RQ�WKH�ULJKW�VLGH�RI�HDFK�ILJXUH����7KH�EODFN�YHFWRUV
UHSUHVHQW�WKH�SUH�SURMHFW�FRQGLWLRQ��ZKLOH�WKH�SXUSOH�YHFWRUV�UHSUHVHQW�WKH�SRVW�
SURMHFW�FRQGLWLRQ�ZDYH�ILHOG����2QO\���YHFWRU�LV�SORWWHG�IRU�HYHU\����JULG�FHOOV��IRU
OHJLELOLW\��

$OWHUDWLRQV�WR�WKH�(QWUDQFH�&KDQQHO�GHSWK�FKDQJH�WKH�UHIUDFWLYH�SURSHUWLHV�RI�WKH
FKDQQHO����8QGHU�DYHUDJH�DQG�VWRUP�ZDYH�FRQGLWLRQV��WKH�GHHSHQLQJ�GLG�SURGXFH
VRPH�GLVFHUQLEOH�FKDQJH�LQ�WKH�ZDYH�HQYLURQPHQW�DV�VKRZQ�LQ�)LJXUH�������
+RZHYHU��WKH�FKDQJHV�DUH�QRW�VLJQLILFDQW�DORQJ�WKH�VWXG\�DUHD�VKRUHOLQHV���
7KHUHIRUH��WKH�GHHSHQLQJ�SURMHFW�VKRXOG�QRW�KDYH�DQ�LPSDFW�RQ�FRDVWDO�HURVLRQ�E\
DOWHULQJ�WKH�DYHUDJH�ZDYH�HQYLURQPHQW�

��������� )HHGHU�%HUP�,PSDFWV�WR�WKH�:DYH�(QYLURQPHQW

7KH�ZDYH�UHIUDFWLRQ�DQG�GLIIUDFWLRQ�PRGHO��5()�',)���ZDV�DOVR�XVHG�WR�H[DPLQH�WKH
HIIHFW�RI�WKH�IHHGHU�EHUP�RQ�WKH�QHDUVKRUH�ZDYH�HQYLURQPHQW����$Q�H[DPSOH�RI�WKH
SRWHQWLDO�HIIHFW�RI�D�IHHGHU�EHUP�ORFDWHG�FORVH�WR�WKH�VKRUHOLQH�RQ�WKH�ZDYH
HQYLURQPHQW�LV�GLVFXVVHG�KHUH�

)LJXUH������SUHVHQWV�ZDYH�UHIUDFWLRQ�GLIIUDFWLRQ�GLDJUDPV�IRU�ERWK�SUH��DQG�SRVW�
FRQVWUXFWLRQ�RI�WKH�QHDUVKRUH�IHHGHU�EHUP�IRU�WKH�HDVW�DYHUDJH�ZDYH�FRQGLWLRQ���
2QO\���YHFWRU�LV�SORWWHG�IRU�HYHU\���JULG�FHOOV��IRU�OHJLELOLW\��

,Q�)LJXUH������WKH�QHDUVKRUH�EHUP�IHDWXUH�LV�UHSUHVHQWHG�E\�WKH�RUDQJH�UHFWDQJOH
ORFDWHG�MXVW�RII�7\EHH�,VODQG·V�QRUWKHUQ�VKRUHOLQH����7KH�EHUP�LV�������IHHW�ORQJ�DQG
������IHHW�ZLGH����$OO�VLGH�VORSHV�DQG�HQG�VORSHV�DUH��9���+����7KH�FKDQJHV�LQ�WKH
ZDYH�ILHOG�LQGXFHG�E\�WKH�EHUP�IHDWXUH�DUH�FOHDUO\�VKRZQ�LQ�WKLV�ILJXUH����7KH�ZDYHV
SURSDJDWLQJ�SDVW�WKH�EHUP�DUH�UHIUDFWHG�DURXQG�WKH�HQGV�RI�WKH�EHUP����7KLV�UHVXOWV
LQ�D�FKDQJH�RI�WKH�LQFLGHQW�DQJOHV�RI�WKH�ZDYHV�EUHDNLQJ�RQ�WKH�VKRUHOLQH�EHKLQG�WKH
EHUP�IHDWXUH��ZKLFK�PD\�FDXVH�D�FKDQJH�LQ�HURVLRQ�SDWWHUQV�

7KHUHIRUH��WKH�IHHGHU�EHUP�FRXOG�LQGXFH�FKDQJHV�WR�WKH�QHDUVKRUH�ZDYH�ILHOG����7KH
FKDQJHV�PD\�LQFOXGH�D�ZDYH�IRFXVLQJ�RQ�WKH�7\EHH�,VODQG�VKRUHOLQH���,I�D�IHHGHU
EHUP�LV�SXUVXHG�DV�D�EHQHILFLDO�XVH�DOWHUQDWLYH��WKH�VSHFLILF�GHVLJQ�HYDOXDWHG�LQ�WKLV
VWXG\�VKRXOG�EH�PRGLILHG�WR�PLQLPL]H�WKH�IRFXVLQJ�RI�ZDYHV�RQ�WKH�7\EHH�VKRUHOLQH�

����� &XOWXUDO�5HVRXUFHV
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������� �:LWKRXW�3URMHFW�$OWHUQDWLYH

7KH�H[LVWLQJ�6DYDQQDK�+DUERU�1DYLJDWLRQ�3URMHFW�DUHD�KDV�SUHYLRXVO\�EHHQ
VXUYH\HG�IRU�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV����2QO\�WZR�UHVRXUFHV��WKH�&�6�6���*HRUJLD
DQG�2OG�)RUW�-DFNVRQ��DUH�SUHVHQWO\�DIIHFWHG�E\�WKH�QDYLJDWLRQ�SURMHFW���
0HPRUDQGXPV�RI�$JUHHPHQWV�DUH�LQ�ILQDO�SUHSDUDWLRQ�IRU�LGHQWLI\LQJ�DQG
PLWLJDWLQJ�WKH�HIIHFW�RI�WKH�H[LVWLQJ�SURMHFW�XSRQ�WKHVH�UHVRXUFHV�

������� +LVWRULF�3URSHUWLHV�,PSDFWHG

��������� $UHDV�WR�%H�,QYHVWLJDWHG

2QO\�WKDW�SRUWLRQ�RI�WKH�SURSRVHG�GHHSHQLQJ�SURMHFW�WKDW�KDV�WKH�SRWHQWLDO�IRU
LPSDFWLQJ�DUHDV�ORFDWHG�RXWVLGH�WKH�H[LVWLQJ�QDYLJDWLRQ�SURMHFW�LPSDFW�DUHD�ZLOO
UHTXLUH�DGGLWLRQDO�VXUYH\�DQG�HYDOXDWLRQ����7KHVH�DUHDV�LQFOXGH���WKH�FKDQQHO�ERWWRP
DQG�VLGH�VORSHV�RI�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ��WKH�VLGHV�VORSHV�RI�WKH�H[LVWLQJ
QDYLJDWLRQ�FKDQQHO�EHWZHHQ�6WDWLRQV����������DQG���������LQ�DUHDV�ZKHUH
VLJQLILFDQW�FXOWXUDO�UHVRXUFHV�DEXW�WKH�H[LVWLQJ�FKDQQHO��WKH�ERWWRPV�DQG�VLGH�VORSHV
RI�EHQG�ZLGHQHUV�ZKHUH�WKH\�GR�QRW�RYHUODS�H[LVWLQJ�WXUQLQJ�EDVLQV��WKH�EDFN�VLGHV
VORSH�RI�WKH�.,7%��DQG�DQ\�SRWHQWLDO�QHDU�VKRUH��RSHQ�ZDWHU�GLVSRVDO�DUHDV�

������� 5HVRXUFH�3RWHQWLDO

��������� (QWUDQFH�&KDQQHO�([WHQVLRQ��%RWWRP�DQG�6LGH�6ORSHV

7KLV�DUHD·V�GLVWDQFH�IURP�WKH�VKRUH�DQG�LWV�ZDWHU�GHSWK�GHFUHDVH�LWV�SRWHQWLDO�IRU
FRQWDLQLQJ�VKLSZUHFNV����$V�D�JHQHUDO�UXOH��VKLSZUHFNV�FOXVWHU�LQ�WKH�VKDOORZ�DUHDV
DURXQG�KDUERU�PRXWKV��EDUV�DQG�VKRDOV���DQG�LQ�WKH�GHHS�ZDWHU�DUHD�LPPHGLDWHO\�RII
WKH�EDU��ZKHUH�LQFRPLQJ�YHVVHOV�DQFKRUHG�GXULQJ�VWRUPV�WKDW�ZHUH�WRR�VHYHUH�IRU�D
SLORW�WR�FRPH�RXW�WR�WKHP����,Q�WKH�ILUVW�DUHD��YHVVHOV�ZHUH�GULYHQ�DVKRUH�RU�JURXQGHG�
��,Q�WKH�ODWWHU��WKH\�IRXQGHUHG����7KH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�DUHD�LV�VRXWKHDVW�RI
ERWK�RI�WKHVH�DUHDV�

7KH�*HRUJLD�6KLSZUHFN�'DWDEDVH�JHQHUDOO\�GRHV�QRW�LQFOXGH�YHVVHOV�ZUHFNHG��PRUH
WKDQ���PLOHV�RIIVKRUH��XQOHVV�WKH\�ZUHFNHG�RQ�D�VKRDO����7KH�GDWDEDVH��KRZHYHU��GRHV
FRQWDLQ���ZUHFN�WKDW�FRXOG�EH�ORFDWHG�ZLWKLQ�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�DUHD���
$�)UHQFK�SULYDWHHU�IRXQGHUHG�RII�7\EHH�,VODQG�LQ���������,W�KDG�MXVW�EHHQ�FDSWXUHG�E\
��%ULWLVK�YHVVHOV����7KH�SUL]H�FUHZ�JRW�RII�����)UHQFKPHQ�ORFNHG�LQ�WKH�KROG�GLG�QRW���
,I�WKH�ZUHFN�LV�H[WDQW��LW�ZRXOG�PRVW�SUREDEO\�TXDOLI\�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO
5HJLVWHU�RI�+LVWRULF�3ODFHV�DW�WKH�QDWLRQDO�OHYHO��PD\�EH�FRQVLGHUHG�D�ZDU�JUDYH�E\
WKH�)UHQFK�JRYHUQPHQW��DQG�PD\�EH�WKH�SURSHUW\�RI�WKH�%ULWLVK�JRYHUQPHQW�

7KLV�DUHD�DOVR�KDV�WKH�SRWHQWLDO�IRU�FRQWDLQLQJ�SUHKLVWRULF�DUFKDHRORJLFDO�VLWHV�GDWLQJ
WR�WKH�SHULRG�LQ�ZKLFK�WKLV�SRUWLRQ�RI�WKH�FRQWLQHQWDO�VKHOI�ZDV�GU\�ODQG����7KHVH�VLWHV
DUH�XVXDOO\�DVVRFLDWHG�ZLWK�R\VWHU�UDNHV��OLPHVWRQH�RXWFURSV��DQG�RWKHU�JHRORJLFDO
IHDWXUHV�
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��������� ([LVWLQJ�1DYLJDWLRQ�&KDQQHO�6LGH�6ORSHV�DQG�7RSV�RI�6ORSHV�.QRZQ�WR�&RQWDLQ
6LJQLILFDQW�&XOWXUDO�5HVRXUFHV

)RUW�3XODVNL�1DWLRQDO�0RQXPHQW��6WDWLRQV�������%�WR���������ULJKW�EDQN����
&RQVWUXFWHG�GXULQJ�WKH�����V�DQG�����V��)RUW�3XODVNL�1DWLRQDO�0RQXPHQW�LV
RSHUDWHG�DQG�PDLQWDLQHG�DV�DQ�KLVWRULF�VLWH�E\�WKH�1DWLRQDO�3DUN�6HUYLFH����,W�LV
LQFOXGHG�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�DW�WKH�QDWLRQDO�OHYHO�RI
VLJQLILFDQFH�IRU�LWV�DUFKLWHFWXUH��DVVRFLDWLRQ�ZLWK�VLJQLILFDQW�HYHQWV��DVVRFLDWLRQ�ZLWK
VLJQLILFDQW�SHRSOH��DQG�DUFKDHRORJLFDO�UHVHDUFK�SRWHQWLDO����6WUHDP�EDQN�DQG�VKLS�
ZDNH�JHQHUDWHG�HURVLRQ�LV�DQ�RQJRLQJ�SUREOHP�RQ�WKH�FKDQQHOZDUG�VLGH�RI
PRQXPHQW�SURSHUW\���7KH�SURSHUW\·V�VKRUHOLQH�LV�ORFDWHG�ZHOO�RXWVLGH�WKH�H[LVWLQJ
FKDQQHO�VLGH�VORSH����6LQFH�QR�EHQG�ZLGHQHUV�DUH�SURSRVHG�LQ�WKLV�DUHD��WKH�SURSRVHG
GHHSHQLQJ�SURMHFW�ZLOO�KDYH�QR�HIIHFW�XSRQ�WKLV�UHVRXUFH

%DWWHU\�/HH��6WDWLRQV���������WR����������ULJKW�EDQN�����%DWWHU\�/HH��D�&RQIHGHUDWH
HDUWKZRUN��LV�ORFDWHG�RQ�WKH�H[LVWLQJ�FKDQQHO�VKRUHOLQH����7KH�VLWH�LV�SRWHQWLDOO\
HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�IRU�LWV�DUFKLWHFWXUH�DQG�DUFKDHRORJLFDO
UHVHDUFK�SRWHQWLDO����,W�LV�ORFDWHG�RQ�SULYDWH�SURSHUW\����7KH�VLWH�LV�FXUUHQWO\�LPSDFWHG
E\�GUHGJLQJ�IRU�DQ�H[LVWLQJ��SULYDWHO\�RZQHG�ZKDUI����,QYHVWLJDWLRQV�ZLOO�EH
FRQGXFWHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�WKH�SURSRVHG�SURMHFW�XSRQ�WKLV�UHVRXUFH�

&�6�6���*HRUJLD��6WDWLRQV���������WR����������OHIW�EDQN�����7KH�ZUHFN�RI�WKH�&�6�6�
*HRUJLD�LV�LQFOXGHG�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�DW�WKH�QDWLRQDO�OHYHO�RI
VLJQLILFDQFH�IRU�LWV�DUFKLWHFWXUH��DVVRFLDWLRQ�ZLWK�VLJQLILFDQW�HYHQWV��DVVRFLDWLRQ�ZLWK
VLJQLILFDQW�SHRSOH��DQG�LWV�DUFKDHRORJLFDO�UHVHDUFK�SRWHQWLDO����7KH�1DWLRQDO�5HJLVWHU
ERXQGDU\�LQFOXGHV�WKH�FKDQQHO�VLGH�VORSH��WKH�WRS�RI�VORSH��DQG�H[WHQGV����IHHW�LQWR
WKH�DXWKRUL]HG�FKDQQHO�ERWWRP����7KH�ERXQGDU\�EHWZHHQ�6RXWK�&DUROLQD�DQG�*HRUJLD
UXQV�WKURXJK�WKH�ZUHFN�VLWH����6LQFH�������6DYDQQDK�'LVWULFW�KDV�KDG�DQ�DJUHHPHQW
ZLWK�ERWK�VWDWHV�WR�DYRLG�WKH�VLWH�DUHD�GXULQJ�GUHGJLQJ��E\����KRUL]RQWDO�IHHW�IRU�D
GLVWDQFH�RI�������IHHW�DORQJ�WKH�FKDQQHO����1R�GUHGJLQJ�KDV�EHHQ�FRQGXFWHG�RI�DQ\
SRUWLRQ�RI�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�ORFDWHG�EHWZHHQ�6WDWLRQV���������DQG
�������VLQFH���������7KLV�UHVRXUFH�LV�ORFDWHG�ZLWKLQ�WKH�DUHD�RI�HIIHFW�IRU�WKH�SURSRVHG
SURMHFW����7KH�FKDQQHO�FDQQRW�EH�UHDOLJQHG�WR�DYRLG�WKH�ZUHFN�VLWH�VLQFH�2OG�)RUW
-DFNVRQ�LV�ORFDWHG�RQ�WKH�RSSRVLWH�VKRUH�

2OG�)RUW�-DFNVRQ��6WDWLRQV���������WR����������ULJKW�EDQN�����2OG�)RUW�-DFNVRQ�LV
ORFDWHG�DW�WKH�WRS�RI�WKH�FKDQQHO�VLGH�VORSH�RQ�WKH�VRXWK�VKRUH�RI�WKH�6DYDQQDK
+DUERU�QDYLJDWLRQ�FKDQQHO����,W�LV�RZQHG�E\�WKH�6WDWH�RI�*HRUJLD�DQG�LV�RSHUDWHG�DQG
PDLQWDLQHG�DV�DQ�KLVWRULF�VLWH�E\�WKH�&RDVWDO�+HULWDJH�6RFLHW\����,W�LV�OLVWHG�LQ�WKH
1DWLRQDO�5HJLVWHU�DW�WKH�QDWLRQDO��OHYHO�RI�VLJQLILFDQFH�IRU�LWV�DUFKLWHFWXUH�DQG
DVVRFLDWLRQ�ZLWK�VLJQLILFDQW�HYHQWV�DQG�KLVWRULF�ILJXUHV����5HVHDUFK�FRQGXFWHG�DW�WKH
VLWH�VLQFH�LWV�QRPLQDWLRQ�WR�WKH�1DWLRQDO�5HJLVWHU�LQ������KDV�VKRZQ�WKDW�VLJQLILFDQW
DUFKDHRORJLFDO�GHSRVLWV�DUH�DOVR�DVVRFLDWHG�ZLWK�WKH�VLWH����(QJLQHHULQJ�VWXGLHV
FRQGXFWHG�RI�WKLV�VLWH�KDYH�GHWHUPLQHG�WKDW�LW�ZLOO�EH�DGYHUVHO\�DIIHFWHG�E\�WKH
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SURSRVHG�GHHSHQLQJ�SURMHFW����7KHVH�VWXGLHV�DQG�SRWHQWLDO�PLWLJDWLRQ�PHDVXUHV�DUH
GLVFXVVHG�LQ�GHWDLO�LQ�WKH�(QJLQHHULQJ�$SSHQGL[�WR�WKH�)HDVLELOLW\�5HSRUW�

7XUQEXOO·V�:KDUI��6WDWLRQV����������ULJKW�EDQN�����$�VLWH�ORFDOO\�UHIHUUHG�WR�DV
7XUQEXOO·V�HDUO\�QLQHWHHQWK�FHQWXU\�WDYHUQ�VLWH�LV�ORFDWHG�RQ�WKH�QRUWK�VKRUH�RI�WKH
FKDQQHO����7KH�VLWH·V�ZRRGHQ�FULE�ZKDUI�MXWV�RXW�LQWR�WKH�ULYHU����7KLV�VLWH�KDV�QRW�EHHQ
IRUPDOO\�HYDOXDWHG�IRU�VLJQLILFDQFH����6WXGLHV�ZLOO�EH�FRQGXFWHG�WR�GHWHUPLQH�WKH
HIIHFW�RI�WKH�SURSRVHG�SURMHFW�XSRQ�WKLV�UHVRXUFH�

:RUOG�:DU�,,�6KLS\DUG��6WDWLRQV��������WR���������ULJKW�EDQN�����7KH�VLWH�RI�D�:RUOG
:DU�,,�OLEHUW\�VKLS\DUG�LV�ORFDWHG�DORQJ�WKH�VKRUHOLQH����7KH�VLWH�KDV�QRW�EHHQ
HYDOXDWHG�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV����,WV�QRUWKHUQPRVW
HGJH�LV�ORFDWHG�ZHOO�RXWVLGH�WKH�VLGH�VORSH�RI�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO����1R
IXUWKHU�LQYHVWLJDWLRQV�DUH�SODQQHG�IRU�WKLV�SRWHQWLDOO\�VLJQLILFDQW�UHVRXUFH�

6DYDQQDK�1DWLRQDO�+LVWRULF�/DQGPDUN�'LVWULFW��6WDWLRQV���������WR����������ULJKW
EDQN�����7KH�6DYDQQDK�1DWLRQDO�+LVWRULF�/DQGPDUN�'LVWULFW��LV�ORFDWHG�DORQJ�WKH
VRXWK�VKRUH�RI�WKH�6DYDQQDK�+DUERU�QDYLJDWLRQ�FKDQQHO����7KH�'LVWULFW�LV�OLVWHG�LQ�WKH
1DWLRQDO�5HJLVWHU�DW�WKH�QDWLRQDO�OHYHO�IRU�LWV�DUFKLWHFWXUH����$OO�EXW�RQH�VPDOO�DUHD�DUH
SURWHFWHG�E\�PRGHUQ�EXONKHDGV��ZKDUYHV��DQG�ULS�UDS�EDQN�VWDELOL]DWLRQ���7KH
H[FHSWLRQ�LV�ORFDWHG�QHDU�6WDWLRQ���������ZKHUH�D�EULFN�IDFHG�ZKDUI�FRQVWUXFWHG
GXULQJ�WKH�ODVW�TXDUWHU�RI�WKH���WK�FHQWXU\�IRUPV�DQ�DOFRYH�LQ�WKH�PRGHUQ
EXONKHDGLQJ�WKDW�LV�XVHG�IRU�VPDOO�ERDW�PRRULQJ���7KH�SURSRVHG�FKDQQHO
LPSURYHPHQWV�ZLOO�KDYH�QR�HIIHFW�XSRQ�WKH�QDWLRQDO�ODQGPDUN�GLVWULFW�

)LJ�,VODQG�&KDQQHO�6LWH��6WDWLRQV���������WR����������OHIW�EDQN�����7KH�)LJ�,VODQG
&KDQQHO�6LWH�LV�ORFDWHG�RQ�WKH�QRUWK�VLGH�VORSH�DQG�VKRUH�RI�WKH�H[LVWLQJ�QDYLJDWLRQ
FKDQQHO����7KH�VLWH�KDV�EHHQ�GHWHUPLQHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�1DWLRQDO�5HJLVWHU
RI�+LVWRULF�3ODFHV�DW�WKH�VWDWH�OHYHO�IRU�LWV�DUFKDHRORJLFDO�UHVHDUFK�SRWHQWLDO����7KH
HDVWHUQ�SRUWLRQ�KDV�EHHQ�EXONKHDGHG�DQG�OLHV�EHQHDWK�WKH�86$&(�'HSRW���7KH�VLWH
DUHD�ZDV�D�FKDQQHO�EHWZHHQ�)LJ�DQG�+XWFKLQVRQ�,VODQGV�WKDW�ZDV�XVHG�IRU�GLVSRVDO
RI�ZUHFNHG�DQG�GHUHOLFW�YHVVHOV�GXULQJ�WKH���WK�DQG���WK�FHQWXULHV����7KH�6DYDQQDK
'LVWULFW�86$&(�H[FDYDWHG�DQG�GRFXPHQWHG�WKUHH�YHVVHOV�DV�PLWLJDWLRQ�IRU�WKH�HIIHFWV
RI�D�����V�FKDQQHO�ZLGHQLQJ�SURMHFW����'XULQJ�WKH������GHHSHQLQJ�SURMHFW��6DYDQQDK
'LVWULFW�86$&(�H[FDYDWHG�DQG�GRFXPHQWHG�SDUWV�RI����YHVVHOV�VSDQQLQJ�WKH�SHULRG
FD��������WR������WKDW�ZRXOG�KDYH�EHHQ�DIIHFWHG�E\�WKDW�SURMHFW����$Q������SLOH�GDP
ZDOO�LV�QRZ�H[SRVHG�DQG�LV�KROGLQJ�EDFN�VHGLPHQWV����'HVLJQ�GUDZLQJV�RI�WKH�ZDOO
DUH�QRW�H[WDQW����%HFDXVH�WKH�VLWH�LV�ORFDWHG�ZLWKLQ�WKH�H[LVWLQJ�FKDQQHO�VLGH�VORSH�DQG
WRS�RI�VORSH��DGGLWLRQDO�LQYHVWLJDWLRQV�ZLOO�EH�QHHGHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�WKH
SURSRVHG�SURMHFW�XSRQ�WKLV�UHVRXUFH�

6DYDQQDK�DQG�2JHHFKHH�&DQDO��6WDWLRQ����������ULJKW�EDQN�����7KH�ULYHU�ORFN�DQG
QRUWKHUQ�WHUPLQXV�RI�WKH�6DYDQQDK�DQG�2JHHFKHH�&DQDO�LV�ORFDWHG�RQ�WKH�VRXWK
VKRUH����7KH�FDQDO�ZDV�FRQVWUXFWHG�GXULQJ�WKH�����V����,W�LV�OLVWHG�LQ�WKH�1DWLRQDO
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5HJLVWHU�RI�+LVWRULF�3ODFHV�DW�WKH�VWDWH�OHYHO�IRU�LWV�DUFKLWHFWXUH�DQG�DUFKDHRORJLFDO
UHVHDUFK�SRWHQWLDO����7KH�SURSRVHG�SURMHFW�ZLOO�KDYH�QR�HIIHFW�XSRQ�WKH�FDQDO�

$�VPDOO�QXPEHU�RI�PDJQHWLF�DQG�VRQDU�WDUJHWV�WKDW�PD\�EH�JHQHUDWHG�E\�VLJQLILFDQW
FXOWXUDO�UHVRXUFHV�KDYH�EHHQ�LGHQWLILHG�QHDU��EXW�RXWVLGH��WKH�DUHD�RI�HIIHFW�IRU�WKH
H[LVWLQJ�QDYLJDWLRQ�FKDQQHO����3UHYLRXV�VXUYH\�LQIRUPDWLRQ�LV�EHLQJ�UHHYDOXDWHG�WR
GHWHUPLQH�WKHLU�UHODWLRQVKLS�WR�WKH�SURSRVHG�SURMHFW�

��������� %HQG�:LGHQHUV

6WDWLRQV��������%�WR��������%�OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW����7KLV�DUHD�LQFOXGHV
SRUWLRQV�RI�WKH�KLVWRULF�GHHS�DQFKRUDJH�DUHD�RII�WKH�6DYDQQDK�EDU�DV�ZHOO�DV�D�VPDOO
SRUWLRQ�RI�WKH�KLVWRULF�QRUWK�EUHDNHU����7KH�DUHD�KDV�D�KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ
ZUHFNV�RI�YHVVHOV�WKDW�IRXQGHUHG�DW�DQFKRU�RU�UDQ�DJURXQG�RQ�WKH�EUHDNHU�

6WDWLRQV���������WR���������ULJKW�EDQN��ERWWRP�ZLGWK�RI����IHHW����7KLV�DUHD�LQFOXGHV�D
SRUWLRQ�RI�WKH�KLVWRULF�VRXWK�EUHDNHU���$�ODUJH�QXPEHU�RI�YHVVHOV�JURXQGHG�DQG�ZHUH
ORVW�RQ�WKH�VRXWK�EUHDNHU���7KH�DUHD�KDV�D�KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�

6WDWLRQV��������WR��������OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW����+LVWRULFDOO\��WKLV
SRUWLRQ�RI�WKH�FKDQQHO�ZDV�PRUH�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV����7KHUH�ZDV�QR
KLVWRULFDO�GHYHORSPHQW�RI�WKH�DGMDFHQW�VKRUHOLQH�ZLWK�IHDWXUHV�WKDW�ZRXOG�JHQHUDWH
GHUHOLFW�YHVVHOV��ZKDUYHV��VKLS\DUGV��HWF����DQG�WKH�FKDQQHO�ZDV�IDLUO\�QDUURZ����$V�D
UHVXOW��IHZ�YHVVHOV�ZHUH�ORVW�RU�GLVFDUGHG�LQ�WKLV�DUHD����0DQ\�WKDW�ZHUH�ORVW�ZHUH
UHPRYHG�LPPHGLDWHO\�DV�QDYLJDWLRQ�REVWUXFWLRQV����$�VLGH�VFDQ�VRQDU�DQG
PDJQHWRPHWHU�VXUYH\�ZDV�FRQGXFWHG�RI�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�VLGH�VORSH
DV�SDUW�RI�D�SUHYLRXV�GHHSHQLQJ�SURMHFW����1R�DQRPDOLHV�RI�DQ\�W\SH�ZHUH�ORFDWHG���
7KH�EHQG�ZLGHQHU�DUHD�KDV�D�ORZ�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�RU�RWKHU
SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV��

6WDWLRQV��������WR���������OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW���+LVWRULFDOO\��WKLV
SRUWLRQ�RI�WKH�FKDQQHO�ZDV�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV����7KHUH�ZDV�QR
KLVWRULFDO�GHYHORSPHQW�RI�WKH�DGMDFHQW�VKRUHOLQH����)HZ�YHVVHOV�ZHUH�ORVW�RU�GLVFDUGHG
LQ�WKLV�DUHD��DQG�WKRVH�WKDW�ZHUH�ORVW�ZHUH�RIWHQ�TXLFNO\�UHPRYHG�DV�QDYLJDWLRQ
REVWUXFWLRQV����$�VLGH�VFDQ�VRQDU�DQG�PDJQHWRPHWHU�VXUYH\�ZDV�FRQGXFWHG�RI�WKH
H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�VLGH�VORSH�DV�SDUW�RI�D�SUHYLRXV�GHHSHQLQJ�SURMHFW���7ZR
DQRPDOLHV�ZHUH�UHFRUGHG����%RWK�DQRPDOLHV�ZHUH�ORFDWHG�RXWVLGH�WKH�DUHD�RI�HIIHFW�IRU
WKH�SUHYLRXV�GHHSHQLQJ�SURMHFW�DQG�ZHUH�QRW�LQYHVWLJDWHG����%RWK�DQRPDOLHV�DUH
ORFDWHG�ZLWKLQ�WKH�DUHD�RI�HIIHFW�IRU�WKH�SUHVHQW�SURSRVHG�SURMHFW����7KLV�DUHD�KDV�D
PRGHUDWH�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�RU�RWKHU�SRWHQWLDOO\�VLJQLILFDQW
FXOWXUDO�UHVRXUFHV�

6WDWLRQV��������WR���������ULJKW�EDQN��ERWWRP�ZLGWK�RI����WR�����IHHW����+LVWRULFDOO\�
WKLV�SRUWLRQ�RI�WKH�FKDQQHO�ZDV�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV����7KHUH�ZDV�QR
KLVWRULFDO�GHYHORSPHQW�RI�WKH�DGMDFHQW�VKRUHOLQH����)HZ�YHVVHOV�ZHUH�ORVW�RU�GLVFDUGHG
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LQ�WKLV�DUHD��DQG�WKRVH�WKDW�ZHUH�ORVW�ZHUH�XVXDOO\�HDVLO\�UDLVHG�DQG�UHPRYHG�IURP
WKH�DUHD����$UFKLYDO�UHVHDUFK�KDV�UHYHDOHG�WKDW�WKLV�DUHD�KDV�RQH�RI�WKH�ORZHVW
VKLSZUHFN�GHQVLWLHV�LQ�WKH�KDUERU����$�VLGH�VFDQ�VRQDU�DQG�PDJQHWRPHWHU�VXUYH\�ZDV
FRQGXFWHG�RI�SRUWLRQV�RI�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�VLGH�VORSH�DV�SDUW�RI�D
SUHYLRXV�GHHSHQLQJ�SURMHFW����2QH�DQRPDO\�ZDV�ORFDWHG�QHDU�WKH�WRH�RI�WKH�FKDQQHO���
'LYHU�LQYHVWLJDWLRQ�LGHQWLILHG�WKH�DQRPDO\�VRXUFH�DV�PRGHUQ�PDWHULDO����'XULQJ�WKH
ODVW�GHHSHQLQJ�SURMHFW��D�GUHGJH�UHWULHYHG�D�&RQIHGHUDWH�IUDPH�WRUSHGR�WKDW�KDG
UROOHG�GRZQ�WKH�VLGH�VORSH����$UFKLYDO�UHVHDUFK�UHYHDOHG�WKDW�&RQIHGHUDWH�WRUSHGR
REVWUXFWLRQV�ZHUH�ORFDWHG�ZHOO�XSVWUHDP�RI�WKH�UHFRYHU\�DUHD�DQG�WKDW�WKLV�WRUSHGR
SUREDEO\�KDG�EURNHQ�ORRVH�DQG�EHHQ�FDUULHG�GRZQVWUHDP����$Q�LQWHQVLYH�SURWRQ
PDJQHWRPHWHU�DQG�VLGH�VFDQ�VRQDU�VXUYH\�RI�WKH�UHFRYHU\�DUHD�UHYHDOHG�QR
DGGLWLRQDO�RUGQDQFH����7KLV�DUHD�KDV�D�ORZ�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�RU
RWKHU�SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV���

6WDWLRQV��������WR���������OHIW�EDQN��ERWWRP�ZLGWK�RI����WR�����IHHW����+LVWRULFDOO\�
WKLV�SRUWLRQ�RI�WKH�FKDQQHO�ZDV�ZHOO�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV����7KHUH�ZDV
QR�KLVWRULFDO�GHYHORSPHQW�RI�WKH�DGMDFHQW�VKRUHOLQH�ZLWK�IHDWXUHV�WKDW�ZRXOG
JHQHUDWH�GHUHOLFW�YHVVHOV�DQG�WKH�FKDQQHO�ZDV�IDLUO\�QDUURZ����)HZ�YHVVHOV�ZHUH�ORVW
RU�GLVFDUGHG�LQ�WKLV�DUHD��DQG�WKRVH�WKDW�ZHUH�ORVW�ZHUH�RIWHQ�TXLFNO\�UHPRYHG�DV
QDYLJDWLRQ�REVWUXFWLRQV����7KH�DUHD�KDV�D�ORZ�SRWHQWLDO�IRU�FRQWDLQLQJ�VLJQLILFDQW
FXOWXUDO�UHVRXUFHV�

�6WDWLRQV��������WR���������ULJKW�EDQN��ERWWRP�ZLGWK�RI�����IHHW���+LVWRULFDOO\��WKLV
SRUWLRQ�RI�WKH�FKDQQHO�ZDV�ZHOO�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV����7KHUH�ZDV�QR
KLVWRULFDO�GHYHORSPHQW�RI�WKH�DGMDFHQW�VKRUHOLQH�ZLWK�IHDWXUHV�WKDW�ZRXOG�JHQHUDWH
GHUHOLFW�YHVVHOV�DQG�WKH�FKDQQHO�ZDV�IDLUO\�QDUURZ����)HZ�YHVVHOV�ZHUH�ORVW�RU
GLVFDUGHG�LQ�WKLV�DUHD��DQG�WKRVH�WKDW�ZHUH�ORVW�ZHUH�RIWHQ�TXLFNO\�UHPRYHG�DV
QDYLJDWLRQ�REVWUXFWLRQV����7KLV�DUHD�GRHV�LQFOXGH�WKH�ORFDWLRQ�RI�D�PDMRU�OLQH�RI
&RQIHGHUDWH�FKDQQHO�REVWUXFWLRQV����7KH�REVWUXFWLRQV�LQFOXGHG�VXQNHQ�YHVVHOV�
ZRRGHQ�FULEV��DQG�IUDPH�WRUSHGRHV����0RVW�RI�WKH�REVWUXFWLRQV�ZHUH�UHPRYHG�GXULQJ
WKH�����V�DQG�����V��KRZHYHU��UHPQDQWV�PD\�UHPDLQ�QHDU�WKH�VKRUHOLQH����7KLV�DUHD
KDV�D�KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV��&RQIHGHUDWH�REVWUXFWLRQV��RU�RWKHU
SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV�

6WDWLRQV��������WR���������ULJKW�EDQN��ERWWRP�ZLGWK�RI����IHHW����+LVWRULFDOO\��WKLV
SRUWLRQ�RI�WKH�FKDQQHO�ZDV�ZHOO�SURWHFWHG�IURP�ZLQGV�DQG�ZDYHV�DQG�ZDV�H[WUHPHO\
VKDOORZ����'XULQJ�WKH�5HYROXWLRQDU\�:DU��WKH�%ULWLVK�VDQN�YHVVHOV�LQ�WKLV�DUHD�WR�NHHS
$PHULFDQ�DQG�)UHQFK�QDYDO�IRUFHV�IURP�DSSURDFKLQJ�WKH�FLW\����$�FRQFHUWHG�HIIRUW
ZDV�PDGH�WR�UHPRYH�WKH�YHVVHOV�GXULQJ�WKH�ODWH���WK�DQG�HQWLUH���WK��FHQWXULHV�
KRZHYHU��YHVVHO�UHPQDQWV�PD\�VWLOO�EH�H[WDQW�QHDU�WKH�VKRUHOLQH����'XULQJ�WKH�ODWH
��WK�FHQWXU\��ZKDUYHV�ZHUH�EXLOW�DORQJ�WKH�VRXWK�VKRUH����$�VLGH�VFDQ�VRQDU�DQG
PDJQHWRPHWHU�VXUYH\�ZDV�FRQGXFWHG�RI��WKH�QDYLJDWLRQ�FKDQQHO�VLGH�VORSH�DV�SDUW�RI
D�SUHYLRXV�GHHSHQLQJ�SURMHFW����7ZR�DQRPDOLHV�ZHUH�ORFDWHG����%RWK�ZHUH�ORFDWHG
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RXWVLGH�WKH�DUHD�RI�HIIHFW�IRU�WKDW�SURMHFW�DQG�ZHUH�QRW�LQYHVWLJDWHG���7KLV�DUHD�KDV�D
KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�RU�RWKHU�SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO
UHVRXUFHV�

6WDWLRQV��������WR���������OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW����7KH�HDVWHUQ�������IHHW
RI�WKLV�EHQG�ZLGHQHU�RYHUODSV�WKH�)LJ�,VODQG�7XUQLQJ�%DVLQ�DQG�KDV�DOUHDG\�EHHQ
GUHGJHG�WR�D�GHSWK�RI����IHHW����1R�UHVRXUFHV�DUH�H[SHFWHG�WR�H[LVW�LQ�WKDW�DUHD����7KH
ZHVWHUQ�����WR�������IHHW�RI�WKH�ZLGHQHU�DEXWV�WKH�ORFDWLRQ�RI�WKH�)LJ�,VODQG�&KDQQHO
6LWH��D�GHQVH�FOXVWHU�RI�DEDQGRQHG�DQG�GHUHOLFW�VKLSV�WKDW�LV�OLVWHG�LQ�WKH�1DWLRQDO
5HJLVWHU�RI�+LVWRULF�3ODFHV����7KLV�SRUWLRQ�RI�WKH�VLWH��KRZHYHU��KDV�EHHQ�SURWHFWHG�E\
D�EXONKHDG�DQG�LV�EXULHG�XQGHU�RYHU����IHHW�RI�ILOO�EHQHDWK�6DYDQQDK�'LVWULFW·V
(QJLQHHU�'HSRW����'XULQJ�WKH���WK�FHQWXU\��.LQVH\·V�VDZPLOO�DQG�ZKDUI�ZHUH�ORFDWHG
RQ�WKH�ZHVWHUQ�WLS�RI�)LJ�,VODQG����7KLV�DUHD�QRZ�DEXWV�WKH�GRZQVWUHDP�HQG�RI�WKH
(QJLQHHU�'HSRW���7KH�DUHD�KDV�D�PRGHUDWHO\�KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ
VKLSZUHFNV�DQG�RWKHU�SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV�

6WDWLRQV��������WR���������OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW����&RQVWUXFWLRQ�RI�WKLV
ZLGHQHU�ZRXOG�LQYROYH�LPSDFWV�WR�WKH�VKRUHOLQH����,QLWLDO�LQGXVWULDO�GHYHORSPHQW�RI
WKH�DUHD�DGMRLQLQJ�WKH�FKDQQHO�EHJDQ�GXULQJ�WKH�ILUVW�TXDUWHU�RI��WKH���WK�FHQWXU\�DQG
FRQWLQXHG�WR�WKH�SUHVHQW�WLPH����$PRQJ�WKH�LQGXVWULHV�ZHUH�+�)���:LOOLQN��-U�·V�SRVW�
EHOOXP�VKLS\DUG�DQG�PDULQH�UDLOZD\��ZKHUH�VKLSV�ZHUH�EXLOW��UHSDLUHG��DQG�RU
EURXJKW�IRU�VDOYDJH�DQG�.HOO\�DQG�6PLWK·V�OLJKWHUDJH�FRPSDQ\����7KH�DUHD�DGMDFHQW
WR�WKH�FKDQQHO�KDV�EHHQ�GUHGJHG�IRU�PRGHUQ�ZKDUYHV�DQG�WKH�VKRUHOLQH�KDV�EHHQ
ULS�UDSSHG����7KH�ZLGHQHU�KDV�WKH�SRWHQWLDO�IRU�LPSDFWHG�EXULHG�UHVRXUFHV�ORFDWHG�RQ
+XWFKLQVRQ�,VODQG�

6WDWLRQV��������WR���������OHIW�EDQN��ERWWRP�ZLGWK�RI����IHHW����7KH�QRUWKHUQPRVW�
����IHHW�RI�WKLV�EHQG�ZLGHQHU�RYHUODSV�D�WXUQLQJ�EDVLQ�WKDW�KDV�EHHQ�GUHGJHG�WR���
IHHW����1R�UHVRXUFHV�DUH�H[SHFWHG�WR�H[LVW�LQ�WKDW�DUHD����7KH�LVODQG�VKRUHOLQH�ZDV�QRW
GHYHORSHG�KLVWRULFDOO\����7KH�FKDQQHO�VLGH�VORSHV�ZHUH�VXUYH\HG�DQG�VKRUHOLQH
LQVSHFWHG�IRU�WKH�SUHYLRXV�GHHSHQLQJ�SURMHFW����1R�SRWHQWLDOO\�VLJQLILFDQW�DQRPDOLHV
ZHUH�ORFDWHG����7KH�DUHD�KDV�D�ORZ�SRWHQWLDO�IRU�FRQWDLQLQJ�VLJQLILFDQW�FXOWXUDO
UHVRXUFHV�

6WDWLRQV���������WR����������OHIW�EDQN��ERWWRP�ZLGWK�RI�����IHHW����&RQVWUXFWLRQ�RI
WKLV�EHQG�ZLGHQHU�ZRXOG�LPSDFW�H[LVWLQJ�VKRUHOLQH�DQG�XSODQG�DUHDV����7KLV�DUHD�RI
WKH�KDUERU�ZDV�QRW�GHYHORSHG�KLVWRULFDOO\����6KRUHOLQH�DFFUHWLRQ�DQG�GUHGJH�GLVSRVDO
LQ�WKLV�DUHD�PDNH�LW�GLIILFXOW�WR�GHWHUPLQH�ZKDW�LV�KLVWRULF�JURXQG�VXUIDFH�DQG
GLIIHUHQWLDWH�EHWZHHQ�QDWXUDO�DQG�PDQ�PDGH�ODQG�VXUIDFHV����0DJQHWRPHWHU��VLGH
VFDQ�VRQDU��DQG�VKRUHOLQH�VXUYH\�FRQGXFWHG�IRU�WKH�SULRU�GHHSHQLQJ�SURMHFW
LGHQWLILHG�D�VPDOO�ERDW�QHDU�WKH�VKRUHOLQH����7KH�ERDW�ZDV�RXWVLGH�WKH�DUHD�RI�HIIHFW�IRU
WKDW�SURMHFW�DQG�ZDV�QRW�HYDOXDWHG����,W�ZLOO�QHHG�WR�EH�HYDOXDWHG�DV�SDUW�RI�WKH
SURSRVHG�SURMHFW����$GGLWLRQDO�DUFKLYDO�DQG�PDS�UHVHDUFK�QHHGV�WR�UHVROYH�WKH
KLVWRU\�RI�WKH�VKRUHOLQH�DQG�GHWHUPLQH�WKH�DUHD·V�FXOWXUDO�UHVRXUFH�SRWHQWLDO����7KH
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VKRUHOLQH�DQG�XSODQG�DUHDV�OLH�ZLWKLQ�WKH�61:5����$Q\�FXOWXUDO�UHVRXUFHV
LQYHVWLJDWLRQV�ZLOO�UHTXLUH�FORVH�FRRUGLQDWLRQ�ZLWK�WKH�86):6�DQG�LVVXDQFH�RI
DSSURSULDWH�SHUPLWV�

6LGH�6ORSHV�RI�.,7%��6WDWLRQV���������WR���������OHIW�EDQN�ERWWRP�ZLGWK�RI����IHHW���
'HHSHQLQJ�RI�WKH�WXUQLQJ�EDVLQ�ZLOO�LPSDFW�VKRUHOLQH�DQG�XSODQG�UHVRXUFHV���7KLV
DUHD�RI�WKH�KDUERU�ZDV�QRW�GHYHORSHG�KLVWRULFDOO\����6KRUHOLQH�DFFUHWLRQ�DQG�GUHGJHG
PDWHULDO�GLVSRVDO�LQ�WKLV�DUHD�PDNH�LW�GLIILFXOW�WR�GHWHUPLQH�ZKDW�LV�KLVWRULF�JURXQG
VXUIDFH�DQG�ZKDW�LV�PDQ�PDGH�ODQG����7KH�VKRUHOLQH�DQG�XSODQG�DUHDV�OLH�ZLWKLQ�WKH
61:5��$Q\�FXOWXUDO�UHVRXUFHV�LQYHVWLJDWLRQV�ZLOO�UHTXLUH�FORVH�FRRUGLQDWLRQ�ZLWK
WKH�86):6�DQG�LVVXDQFH�RI�DSSURSULDWH�SHUPLWV��

��������� 1HDUVKRUH�'LVSRVDO�$UHDV

1HDU�VKRUH�GLVSRVDO�DUHDV�DUH�JHQHUDOO\�ORFDWHG�LQ�VKRDO�DUHDV�ZLWKLQ���PLOHV�RI�WKH
VKRUH����7KHVH�DUHDV�KDYH�D�KLJK�SRWHQWLDO�IRU�FRQWDLQLQJ�VKLSZUHFNV�

������� +LVWRULF�3URSHUWLHVª�,QYHVWLJDWLRQV�DQG�&RPSOLDQFH�ZLWK�WKH� 1DWLRQDO�+LVWRULF
3UHVHUYDWLRQ�$FW

7KH�6DYDQQDK�'LVWULFW�KDV�SUHSDUHG�D�GUDIW�3URJUDPPDWLF�$JUHHPHQW��3$��RXWOLQLQJ
SURFHGXUHV�IRU�FRPSO\LQJ�ZLWK�WKH�1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ�$FW��3�/���������
DV�DPHQGHG��DQG�WKH�$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ·V�SURFHGXUHV�IRU
FRPSO\LQJ�ZLWK�WKDW�DFW�����&�)�5���3DUW���������7KH�3$�UHTXLUHV�WKH�GLVWULFW�WR
LGHQWLI\��HYDOXDWH��DQG�DYRLG�DQG�RU�PLWLJDWH�LPSDFWV�WR�VLJQLILFDQW�SURSHUWLHV���
6LJQDWRU\�DQG�FRQFXUULQJ�SDUWLHV�WR�WKH�3$�LQFOXGH���WKH�$GYLVRU\�&RXQFLO�
6DYDQQDK�'LVWULFW�86$&(��WKH�*3$��WKH�*HRUJLD�DQG�6RXWK�&DUROLQD�6WDWH�+LVWRULF
3UHVHUYDWLRQ�2IILFHUV��WKH�*HQHUDO�6HUYLFHV�$GPLQLVWUDWLRQ��DV�RZQHU�RI�WKH�&�6�6�
*HRUJLD���WKH�8��6���1DY\�+LVWRULFDO�&HQWHU��DQG�WKH�&RDVWDO�+HULWDJH�6RFLHW\
�DGPLQLVWUDWRUV�RI��2OG�)RUW�-DFNVRQ���7KH�GUDIW�3URJUDPPDWLF�$JUHHPHQW�LV
FRQWDLQHG�LQ�(QFORVXUH�)

7KH�LQLWLDO�LQYHVWLJDWLRQV�WR�EH�FRQGXFWHG�ZLOO�LQFOXGH�DUFKLYDO�UHVHDUFK�DQG�ODQG
DQG�UHPRWH�VHQVLQJ�VXUYH\V�RI�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�DUHD��EHQG�ZLGHQHUV�
VLGH�VORSHV�RI�WKH�.,7%��DQG�DQ\�SRWHQWLDO�QHDU�VKRUH�GLVSRVDO�VLWHV����7KH�UHPRWH
VHQVLQJ�VXUYH\V�ZLOO�LQFOXGH�K\GURJUDSKLF��PDJQHWRPHWHU��DQG�VLGH�VFDQ�VRQDU
LQYHVWLJDWLRQV��DQG��LQ�WKH�FDVH�RI�WKH�(QWUDQFH�&KDQQHO�H[WHQVLRQ�DUHD��VXE�ERWWRP
SURILOHU�LQYHVWLJDWLRQV����'LYHU�LQYHVWLJDWLRQV�ZLOO�EH�PDGH�WR�GHWHUPLQH�ZKHWKHU
VXEPHUJHG�DQRPDOLHV�DUH�JHQHUDWHG�E\�SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV�RU
PRGHUQ�GHEULV���$QRPDOLHV�LGHQWLILHG�DV�SRWHQWLDOO\�VLJQLILFDQW�FXOWXUDO�UHVRXUFHV
ZLOO�EH�LQYHVWLJDWHG�WKURXJK�DUFKLYDO�UHVHDUFK�DQG�WHVWLQJ�WR�GHWHUPLQH�WKHLU�LGHQWLW\
DQG�VLJQLILFDQFH��WKH�HIIHFW�RI�WKH�SURSRVHG�SURMHFW�XSRQ�WKHP��DQG�DOWHUQDWLYHV�IRU
DYRLGLQJ�RU�PLWLJDWLQJ�HIIHFWV�
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+\GURJUDSKLF�VXUYH\V�ZLOO�EH�FRQGXFWHG�LQ�DUHDV�ZKHUH�NQRZQ�VLJQLILFDQW�RU
SRWHQWLDOO\�VLJQLILFDQW�SURSHUWLHV�DEXW�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO�LQ�DUHDV�ZKHUH
QR�QHZ�FKDQQHO�PRGLILFDWLRQV�DUH�SURSRVHG����7KH�GDWD�ZLOO�EH�XVHG�WR�GHWHUPLQH�LI
WKH�SURSRVHG�SURMHFW�ZLOO�DIIHFW�WKHVH�UHVRXUFHV�DQG�WR�LGHQWLI\�PHDVXUHV�WR�DYRLG�RU
OHVVHQ�WKLV�HIIHFW�

(QJLQHHULQJ�LQYHVWLJDWLRQV�RI�2OG�)RUW�-DFNVRQ�KDYH�GHWHUPLQHG�WKDW�WKH�GHHSHQLQJ
SURMHFW�ZLOO�DGYHUVHO\�DIIHFW�WKLV�UHVRXUFH���$OWHUQDWLYHV�WR�PLWLJDWH�WKLV�HIIHFW�DUH
EHLQJ�LGHQWLILHG�

86$&(�6DYDQQDK�'LVWULFW�DQG�WKH�*HRUJLD�3RUWV�$XWKRULW\�KDYH�FRQGXFWHG�D
QXPEHU�RI�HQJLQHHULQJ�VWXGLHV�WR�GHWHUPLQH�WKH�HIIHFW�RI�WKH�SURMHFW�XSRQ�2OG�)RUW
-DFNVRQ���7KHVH�VWXGLHV�DUH�GHVFULEHG�LQ�GHWDLO�LQ�WKH�(QJLQHHULQJ�$SSHQGL[���7KLV
��WK�FHQWXU\�EULFNZRUN�IRUW�LV�LQFOXGHG�LQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�DW
WKH�QDWLRQDO�OHYHO�DQG�LV�VLJQLILFDQW�IRU�LWV�DUFKLWHFWXUH��DUFKDHRORJLFDO�UHVHDUFK
SRWHQWLDO��DQG�DVVRFLDWLRQ�ZLWK�LPSRUWDQW�SHRSOH���7KH�VLWH�LV�ORFDWHG�RQ�WKH�VRXWK
VKRUH�RI�WKH�6DYDQQDK�+DUERU�QDYLJDWLRQ�FKDQQHO�

7KH�HQJLQHHULQJ�VWXGLHV�LQFOXGHG�GHWDLOHG�K\GURJUDSKLF��WRSRJUDSKLF��DQG�VLGH�VFDQ
VRQDU�VXUYH\V�DQG�VRLO�ERULQJV���%DVHG�RQ�DQDO\VLV�RI�WKLV�GDWD��LW�KDV�EHHQ
GHWHUPLQHG�WKDW�D�SRUWLRQ�RI�WKH�EULFN�IRUWLILFDWLRQ�ZLOO�EH�DGYHUVHO\�DIIHFWHG�E\�EDQN
HURVLRQ���86$&(��6DYDQQDK�'LVWULFW�H[DPLQHG�D�QXPEHU�RI�DOWHPDWLYHV�WR�DYRLG�RU
PLWLJDWH�WKLV�HIIHFW�

7KHVH�LQFOXGHG�QR�DFWLRQ��UHDOLJQPHQW�RI�WKH�FKDQQHO��DQG�VHYHUDO�VWUXFWXUDO
DOWHPDWLYHV��7KH�QR�DFWLRQ�DQG�UHDOLJQPHQW�DOWHPDWLYHV�KDYH�EHHQ�UHMHFWHG�VLQFH�QR
DFWLRQ�ZRXOG�UHVXOW�LQ�ORVV�RI�WKH�UHVRXUFH�DQG�FKDQQHO�UHDOLJQPHQW�ZDV�LQIHDVDEOH�

7KH�VWUXFWXUDO�DOWHUQDWLYHV�FRQVLGHUHG�LQFOXGHG�PDWWUHVVHV��VKHHW�SLOLQJ��DQG�RWKHU
SURSULHWDU\�VWDELOL]DWLRQ�PHDVXUHV���7KH�DOWHPDWLYHV�ZHUH�HYDOXDWHG�EDVHG�XSRQ
WKHLU�SRWHQWLDO�HIIHFW�XSRQ�WKH�UHVRXUFH��VWUXFWXUDO��DHVWKHWLFDOO\��DQG
DUFKDHRORJLFDOO\���QHHG�IRU��FRVW���DQG�HDVH�RI�PDLQWHQDQFH��DQG�FRQVWUXFWLRQ�FRVW��
%DVHG�RQ�WKLV�HYDOXDWLRQ������IHHW�RI�VKHHW�SLOH�ZDOO�LV�WKH�UHFRPPHQGHG�DOWHUQDWLYH��
7KH�UHVXOWV�RI�WKHVH�LQYHVWLJDWLRQV�DQG�HYDOXDWLRQV�DUH�EHLQJ�FRRUGLQDWHG�ZLWK�WKH
*HRUJLD�6WDWH�+LVWRULF�3UHVHUYDWLRQ�2IILFHU�DQG�WKH�&RDVWDO�+HULWDJH�6RFLHW\�ZKLFK
PDQDJHV�WKH�SURSHUW\�DV�DQ�KLVWRULF�VLWH��

7KH�&�6�6���*HRUJLD�ZLOO�EH�DGYHUVHO\�DIIHFWHG�E\�WKH�GHHSHQLQJ�SURMHFW���
+\GURJUDSKLF��VLGH�VFDQ�VRQDU��DQG�FHVLXP�PDJQHWRPHWHU�VXUYH\V�KDYH�EHHQ
FRPSOHWHG���$�3KDVH�,�LQYHVWLJDWLRQ�ZLOO�EH�FRQGXFWHG�RI�WKH�VLWH�GXULQJ�WKH�3('
3KDVH����7KH�LQYHVWLJDWLRQ�ZLOO�EH�GHVLJQHG�WR�GHWHUPLQH�WKH�GHJUHH�RI�HIIHFW�DQG
PLWLJDWLRQ�DOWHUQDWLYHV����$YRLGDQFH�RI�LPSDFWV�WKURXJK�UHDOLJQPHQW�RI�WKH
QDYLJDWLRQ�FKDQQHO�LV�QRW�SRVVLEOH�VLQFH�2OG�)RUW�-DFNVRQ�LV�ORFDWHG�RQ�WKH�RSSRVLWH
VKRUH�
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,Q�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�3$��DOO�VWXG\�UHVXOWV�ZLOO�EH�FRRUGLQDWHG
ZLWK�WKH�VLJQDWRU\�DQG�FRQFXUULQJ�SDUWLHV�RI�WKH�DJUHHPHQW����7KH�GDWD�IURP�WKH
VWXGLHV�ZLOO�EH�XVHG�WR�GHWHUPLQH�WKH�QHHG�IRU��DQG�VFRSH�RI��DGGLWLRQDO
LQYHVWLJDWLRQV�

������� (IIHFW�RQ�([LVWLQJ�+LVWRULF�3URSHUWLHV
�$JUHHPHQWV�

7KH�3URJUDPPDWLF�$JUHHPHQW�IRU�WKH�([SDQVLRQ�3URMHFW�ZLOO�UHQGHU�WKH
0HPRUDQGXPV�RI�$JUHHPHQW�DGGUHVVLQJ�RSHUDWLRQ�DQG�PDLQWHQDQFH�HIIHFWV�WR�2OG
)RUW�-DFNVRQ�DQG�WKH��&�6�6��*HRUJLD�UHGXQGDQW���,I�WKH�([SDQVLRQ�3URMHFW�LV
DXWKRUL]HG��86$&(�6DYDQQDK�'LVWULFW�ZLOO�SXUVXH�QXOOLILFDWLRQ�RI�WKH�02$6���,I�WKH
SURMHFW�LV�QRW�DXWKRUL]HG��86$&(�6DYDQQDK�'LVWULFW�ZLOO�LPSOHPHQW�WKH�WHUPV�DQG
FRQGLWLRQV�RI�WKH�02$6�

������� +LVWRULF�3URSHUWLHVª�0LWLJDWLRQ�DQG�)XQGLQJ�/LPLWDWLRQV

8QGHU�WKH�SURYLVLRQV�RI�WKH�1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ�$FW��3�/�����������DV
DPHQGHG��FRVWV�IRU�PLWLJDWLRQ�DQG�GDWD�UHFRYHU\�VKRXOG�QRUPDOO\�QRW�H[FHHG�RQH
SHUFHQW�RI�WKH�WRWDO�HVWLPDWHG�IHGHUDO�DSSURSULDWLRQ�UHTXLUHG�IRU�SURMHFW�FRQVWUXFWLRQ�
��0LWLJDWLRQ�PHDVXUHV�QHHGHG�IRU�WKH�&�6�6��*HRUJLD�DQG�2OG�)RUW�-DFNVRQ�ZLOO
H[FHHG�WKLV�OLPLWDWLRQ����$YRLGDQFH�RI�LPSDFWV�WR�WKHVH�UHVRXUFHV�LV�QRW�SRVVLEOH�VLQFH
WKH\�DUH�ORFDWHG�LPPHGLDWHO\�RSSRVLWH�HDFK�RWKHU�ZLWKLQ�WKH�VLGH�VORSHV�DQG�RQ�WKH
WRSV�RI�WKH�VORSHV�RI�WKH�H[LVWLQJ�QDYLJDWLRQ�FKDQQHO����,Q�FRPSOLDQFH�ZLWK�WKH
1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ�$FW�DQG�(�5���������������WKH�6DYDQQDK�'LVWULFW
86$&(�LV�SUHSDULQJ�D�UHTXHVW�IRU�D�ZDLYHU�RI�WKH���SHUFHQW�OLPLWDWLRQ����7KH�ZDLYHU
ZLOO�EH�EDVHG�RQ�WKH�SURSHUWLHV·�KLJK�OHYHO�RI�VLJQLILFDQFH�DQG�WKH�ODFN�RI�LPSDFW
DYRLGDQFH�DOWHUQDWLYHV��

��� (QYLURQPHQWDO�-XVWLFH

7KH�SURSRVHG�DFWLRQ�FRPSOLHV�ZLWK�([HFXWLYH�2UGHU��������´)HGHUDO�$FWLRQV�WR
$GGUHVV�(QYLURQPHQWDO�-XVWLFH�LQ�0LQRULW\�3RSXODWLRQV�DQG�/RZ�,QFRPH
3RSXODWLRQV�µ�DQG�GRHV�QRW�UHSUHVHQW�GLVSURSRUWLRQDWHO\�KLJK�DQG�DGYHUVH�KXPDQ
KHDOWK�RU�HQYLURQPHQWDO�HIIHFWV�RQ�PLQRULW\�SRSXODWLRQV�DQG�ORZ�LQFRPH
SRSXODWLRQV�LQ�WKH�8QLWHG�6WDWHV���+RZHYHU��PLQRULW\�DQG�ORZ�LQFRPH�LQGLYLGXDOV
KDYH�EHHQ��DQG�ZLOO�EH��JLYHQ�RSSRUWXQLWLHV�WR�PDNH�WKHLU�FRQFHUQV�KHDUG��6HFWLRQ����
GHVFULEHV�WKH�FRRUGLQDWLRQ�ZLWK�WKH�SXEOLF�ZKLFK�KDV�RFFXUUHG�WR�GDWH�DQG�ZLOO�RFFXU
LQ�WKH�IXWXUH�

���� 3URFHVV�WR�'HYHORS�WKH�)LQDO�0LWLJDWLRQ�3ODQ
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6XEMHFW�WR�DXWKRUL]DWLRQ�LQ�WKH�:DWHU�5HVRXUFHV�'HYHORSPHQW�$FW�RI�������DGGLWLRQDO
HQYLURQPHQWDO�VFLHQWLILF�DQDO\VHV�DUH�UHTXLUHG�GXULQJ�WKH�GHVLJQ�SKDVH�RI�WKH�SURMHFW
LQ�RUGHU�WR�SURYLGH�LQIRUPDWLRQ�QHFHVVDU\�IRU�WKH�QDWXUDO�UHVRXUFH�DJHQFLHV��WKH�&LW\
RI�6DYDQQDK��DQG�DIIHFWHG�PDQXIDFWXULQJ�LQWHUHVWV�WR�FRPSOHWH�WKHLU�UHVSHFWLYH
HYDOXDWLRQV�RI�SRWHQWLDO�LPSDFWV�UHVXOWLQJ�IURP�SURSRVHG�H[SDQVLRQ�RI�WKH�6DYDQQDK
+DUERU�FKDQQHO�XS�WR�D�GHSWK�RI����IHHW�DQG�WR�SDUWLFLSDWH�IXOO\�LQ�WKH�GHYHORSPHQW
RI�PRGLILFDWLRQV�WR�WKH�SURSRVHG�PLWLJDWLRQ�SODQ�LQ�FRQMXQFWLRQ�ZLWK�LGHQWLILFDWLRQ
RI�WKH�DSSURSULDWH�FKDQQHO�GHSWK���7KH�DGGLWLRQDO�VFLHQWLILF�DQDO\VHV�DQG�WKH
UHVXOWLQJ�PRGLILFDWLRQV�WR�WKH�PLWLJDWLRQ�SODQ�ZLOO�EH�VXEMHFW�WR�D�7LHU�,,
(QYLURQPHQWDO�,PSDFW�6WDWHPHQW�

7KLV�7LHU�,�(QYLURQPHQWDO�,PSDFW�6WDWHPHQW�VXSSRUWLQJ�WKH�SRWHQWLDO�HQJLQHHULQJ
DQG�HFRQRPLF�IHDVLELOLW\�RI�D�FKDQQHO�XS�WR����IHHW�GHHS�UHTXLUHV�D�7LHU�,,
HQYLURQPHQWDO�DQDO\VLV�LQFOXGLQJ�D�7LHU�,,�(QYLURQPHQWDO�,PSDFW�6WDWHPHQW�ZKLFK
ZLOO��WKURXJK�DSSURSULDWH�VFLHQWLILF�DQDO\VLV��LGHQWLI\�WKH�GHSWK�ZKLFK�UHVXOWV�LQ�DQ
DFFHSWDEOH�OHYHO�RI�HQYLURQPHQWDO�LPSDFWV��DQG�WKHQ�LGHQWLILHV�PLWLJDWLRQ�QHFHVVDU\
WR�DYRLG��PLQLPL]H��RU�FRPSHQVDWH�IRU�WKRVH�LPSDFWV�

7KH�VFLHQWLILF�DQDO\VHV�ZLOO�EH�GHYHORSHG�E\�D�6WDNHKROGHUV�(YDOXDWLRQ�*URXS��6(*�
FRPSULVHG�RI�WKH�*HRUJLD�3RUWV�$XWKRULW\��WKH�$UP\�&RUSV�RI�(QJLQHHUV��WKH�8��6�
)LVK�DQG�:LOGOLIH�6HUYLFH��WKH�8��6��1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH��WKH
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��WKH�8��6��'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��WKH
*HRUJLD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI
1DWXUDO�5HVRXUFHV��WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�+HDOWK�DQG�(QYLURQPHQWDO
&RQWURO��WKH�&LW\�RI�6DYDQQDK��DQG�WKH�6DYDQQDK�0DQXIDFWXUHUV�&RXQFLO���2WKHU
LQWHUHVWHG�SDUWLHV�ZLOO�EH�ZHOFRPH�WR�SDUWLFLSDWH�LQ�WKH�HYDOXDWLRQ�SURFHVV�DV�ZHOO���
7KH�6(*�ZLOO�LGHQWLI\�DOO�SRWHQWLDO�HQYLURQPHQWDO�LPSDFWV�DW�HDFK�LQFUHPHQWDO�GHSWK
IURP����IHHW�WR�DQG�LQFOXGLQJ����IHHW����,I�FKDQQHO�GHHSHQLQJ�LV�HQYLURQPHQWDO
IHDVLEOH��WKH�6(*�ZLOO�UHFRPPHQG�ZKHWKHU�DQG�WR�ZKDW�H[WHQW�WR�PRGLI\�WKH
PLWLJDWLRQ�SODQ�WR�IXOO\�DGGUHVV�VDOLQLW\�LPSDFWV�RQ�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH
5HIXJH��VDOLQLW\�DQG�GLVVROYHG�R[\JHQ�LPSDFWV�RQ�WKH�HQGDQJHUHG�VKRUWQRVH
VWXUJHRQ��VDOLQLW\�DQG�RWKHU�LPSDFWV�RQ�VWULSHG�EDVV�VSDZQLQJ�DQG�QXUVHU\�KDELWDW�
FKORULGH�LPSDFWV�RQ�WKH�FLW\·V�ZDWHU�LQWDNH��DQG�GLVVROYHG�R[\JHQ�LPSDFWV�RQ
H[LVWLQJ�PDQXIDFWXULQJ�GLVFKDUJHV���7KH�6(*�UHFRPPHQGDWLRQ�ZLOO�GHILQH�WKH�VFRSH
RI�VFLHQWLILF�DQDO\VLV�DQG�HQYLURQPHQWDO�HYDOXDWLRQV�IRU�WKH�7LHU�,,�(,6��LQFOXGLQJ�WKH
QHHG�WR�HVWDEOLVK�DORQJ�WHUP�PRQLWRULQJ�SURJUDP�WR�FRQWLQXH�VFLHQWLILF�DQDO\VHV�
HYDOXDWH�WKH�HIILFDF\�RI�WKH�PLWLJDWLRQ�SODQ��DQG�LGHQWLI\�IXUWKHU�DGMXVWPHQWV�WR�WKH
PLWLJDWLRQ�SODQ�GXULQJ�RSHUDWLRQ�RI�WKH�SURMHFW���$�IORZ�FKDUW�GHSLFWLQJ�WKH�6(*
SURFHVV�LV�DWWDFKHG�

,I�WKH�6(*�LV�XQDEOH�WR�GHYHORS�D�FRQVHQVXV�RQ�WKH�VFRSH�RI�DGGLWLRQDO�VFLHQWLILF
DQDO\VHV�ZLWKLQ�D�SHULRG�RI�VL[�PRQWKV�IURP�WKH�GDWH�RI�SURMHFW�DXWKRUL]DWLRQ��WKH
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JURXS�ZLOO�IXUQLVK�D�UHSRUW�WR�WKH�6HFUHWDU\�RI�WKH�$UP\��WKH�6HFUHWDU\�RI�WKH�,QWHULRU�
WKH�6HFUHWDU\�RI�&RPPHUFH��WKH�$GPLQLVWUDWRU�RI�WKH�(QYLURQPHQWDO�3URWHFWLRQ
$JHQF\��&RPPLVVLRQHU�RI�WKH�*HRUJLD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��WKH
'LUHFWRU�RI�WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�DQG�WKH
&RPPLVVLRQHU�RI�WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�+HDOWK�DQG�(QYLURQPHQWDO
&RQWURO��GHVFULELQJ�WKH�XQUHVROYHG�LVVXHV�DQG�WKH�UHVSHFWLYH�VWDNHKROGHUV·�YLHZV�RQ
WKH�LVVXHV���1HLWKHU�WKH�6HFUHWDU\�RI�WKH�$UP\�QRU�WKH�*HRUJLD�3RUWV�$XWKRULW\�ZLOO
SURFHHG�ZLWK�IXUWKHU�ZRUN�RQ�WKH�VFLHQWLILF�DQDO\VHV�IRU�GHYHORSPHQW�RI�WKH
PLWLJDWLRQ�SODQ�RU�FRPSOHWH�VHOHFWLRQ�RI�WKH�RSWLPXP�FKDQQHO�GHSWK�XQWLO�WKH
UHVSHFWLYH�GHSDUWPHQW�KHDGV�FRQFXU�LQ�DQ�DSSURSULDWH�VFRSH�RI�ZRUN�IRU�WKH
DGGLWLRQDO�VFLHQWLILF�DQDO\VHV�

7KH�ILQDO�FKDQQHO�GHHSHQLQJ�SODQ�DQG�LWV�DVVRFLDWHG�PLWLJDWLRQ�SODQ�ZLOO�VXSSRUW
DQG�EH�FRQVLVWHQW�ZLWK��DQG�LQ�QR�ZD\�SUHFOXGH��DQ\�SURSRVHG�UHVWRUDWLRQ�RI
GHJUDGHG�%DFN�5LYHU�VWULSHG�EDVV�VSDZQLQJ�KDELWDWV�IURP�SUHYLRXV�KDUERU
LPSURYHPHQW�SURMHFWV���%DFN�5LYHU�UHVWRUDWLRQ�PHDVXUHV�ZLOO�EH�LGHQWLILHG�WKURXJK
DQ�RQJRLQJ�*HRUJLD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�&RUSV�RI�(QJLQHHUV�6HFWLRQ
�����IHDVLELOLW\�VWXG\�SDUWQHUVKLS�

7KH�GHHSHQLQJ�DOWHUQDWLYHV�DQG�WKH�DVVRFLDWHG�PLWLJDWLRQ�SODQV�ZLOO�EH�HYDOXDWHG�LQ
WKH�7LHU�,,�(,6�ZKLFK�ZLOO�EH�VXEMHFW�WR�IXUWKHU�FRPSOLDQFH�ZLWK�WKH�1DWLRQDO
(QYLURQPHQWDO�3ROLF\�$FW��WKH�)LVK�DQG�:LOGOLIH�&RRUGLQDWLRQ�$FW��(QGDQJHUHG
6SHFLHV�$FW��&RDVWDO�=RQH�0DQDJHPHQW�$FW��WKH�&OHDQ�:DWHU�$FW��DQG�WKH�2FHDQ
'XPSLQJ�$FW���7KH�7LHU�,,�(,6�ZLOO�VHUYH�DV�D�GHFLVLRQ�PDNLQJ�WRRO�IRU�WKH
DOWHUQDWLYHV�DQG�WKH�PLWLJDWLRQ�SODQ�

,I�WKH�VWDNHKROGHUV�HYDOXDWLRQ�JURXS�GHWHUPLQHV�WKDW�D�ILQDO�FKDQQHO�GHHSHQLQJ�SODQ�
LQFOXGLQJ�WKH�PLWLJDWLRQ�SODQ��FDQQRW�EH�UHDFKHG�LQ�D�UHDVRQDEOH�WLPH��WKH�JURXS�ZLOO
IXUQLVK�D�UHSRUW�WR�WKH�6HFUHWDU\�RI�WKH�$UP\��WKH�6HFUHWDU\�RI�WKH�,QWHULRU��WKH
6HFUHWDU\�RI�&RPPHUFH��WKH�$GPLQLVWUDWRU�RI�WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
WKH�&RPPLVVLRQHU�RI�WKH�*HRUJLD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��WKH�'LUHFWRU�RI
WKH�6RXWK�&DUROLQD�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�DQG�WKH�&RPPLVVLRQHU�RI�WKH
6RXWK�&DUROLQD�'HSDUWPHQW�RI�+HDOWK�DQG�(QYLURQPHQWDO�&RQWURO��GHVFULELQJ�WKH
XQUHVROYHG�LVVXHV�DQG�WKH�UHVSHFWLYH�VWDNHKROGHUV·�YLHZV�RQ�WKH�LVVXHV���1HLWKHU�WKH
6HFUHWDU\�RI�WKH�$UP\�QRU�WKH�*HRUJLD�3RUWV�$XWKRULW\�ZLOO�SURFHHG�ZLWK�WKH�ILQDO
GHVLJQ�RU�FRQVWUXFWLRQ�RI�WKH�SURMHFW�XQWLO�WKH�UHVSHFWLYH�GHSDUWPHQW�KHDGV�FRQFXU�LQ
DQ�DSSURSULDWH�LPSOHPHQWDWLRQ�SODQ�DQG�PLWLJDWLRQ�SODQ�

,PSOHPHQWDWLRQ�RI�WKH�VHOHFWHG�PLWLJDWLRQ�SODQ�ZLOO�EH�FRQFXUUHQW�ZLWK�DQG�DQ
LQWHJUDO�SDUW�RI�H[HFXWLRQ�RI�WKH�SURMHFW�

1RWZLWKVWDQGLQJ�D�FRQVHQVXV��HDFK�LQGLYLGXDO�VWDNHKROGHU�ZLOO�UHWDLQ�DQG�UHVHUYH�LWV
LQGLYLGXDO�ULJKWV�DQG�RSWLRQV�WR�RSSRVH�WKH�UHVXOWDQW�SURMHFW�
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�� 5HODWLRQVKLS�WR�)HGHUDO�DQG�6WDWH�$XWKRULWLHV

)HGHUDO�ZDWHU�UHVRXUFH�GHYHORSPHQW�SURMHFWV�PXVW�EH�LQ�FRPSOLDQFH�ZLWK�YDULRXV
VWDWXWHV�DQG�UHJXODWLRQV�SHUWDLQLQJ�WR�WKH�SURWHFWLRQ�RI�WKH�HQYLURQPHQW���8QGHU�WKH
)LVK�DQG�:LOGOLIH�&RRUGLQDWLRQ�$FW��WKH�SURMHFW�PXVW�EH�FRRUGLQDWHG�ZLWK�WKH
86):6��WKH�10)6��DQG�VWDWH�ZLOGOLIH�UHVRXUFH�DJHQFLHV�WR�REWDLQ�WKHLU�YLHZV�RQ�WKH
SURSRVHG�SURMHFW·V�H[SHFWHG�LPSDFWV�RQ�WKH�HQYLURQPHQW���7KH�86):6�PD\�SUHSDUH
D�&RRUGLQDWLRQ�$FW�5HSRUW��&$5��WKDW�LQFOXGHV�LWV�FRPPHQWV�DQG�UHFRPPHQGDWLRQV�
DV�ZHOO�DV�WKRVH�JDWKHUHG�IURP�WKH�VWDWH�ZLOGOLIH�UHVRXUFH�DJHQFLHV���86):6��10)6
DQG�6WDWH�ZLOGOLIH�UHVRXUFH�DJHQFLHV�KDYH�VXEPLWWHG�OHWWHUV�XQGHU�WKH�&RRUGLQDWLRQ
$FW�ZKLFK�DUH�LQFOXGHG�LQ�HQFORVXUH��+���&RRUGLQDWLRQ�ZLWK�WKH�86):6�LQGLFDWHV
WKDW�WKH\�ZLOO�QRW�SUHSDUH�D�&$5�XQWLO�WKH�ILQDO�PLWLJDWLRQ�SODQ�LV�SUHSDUHG���:KHQ
FRPSOHWH��WKH�UHSRUW�VKDOO�EH�PDGH�DQ�LQWHJUDO�SDUW�RI�WKH�86$&(·V�7LHU�,,�(,6���

7KH�SURMHFW�DV�SURSRVHG�ZRXOG�UHTXLUH�SODFHPHQW�RI�GUHGJHG�RU�ILOO�VHGLPHQW
PDWHULDOV�LQWR�ZDWHUV�RI�WKH�8QLWHG�6WDWHV�RU�RFHDQ�ZDWHUV���:KHQ�WKLV�GLVFKDUJH
RFFXUV�ZLWKLQ�VWDWH�ZDWHUV�LQVLGH�WKH���PLOH�OLPLW��RU�LV�XVHG�WR�FRQVWUXFW�RU�PDLQWDLQ
D�VWUXFWXUH�RXWVLGH�WKH���PLOH�OLPLW���LW�LV�VXEMHFW�WR�UHJXODWLRQ�XQGHU�6HFWLRQ�����RI
WKH�&:$���$V�UHTXLUHG�E\�WKH�$FW��D�6HFWLRQ������E�����HYDOXDWLRQ�LV�LQFOXGHG�LQ�WKH
(,6��(QFORVXUH�%����:KHQ�WKH�GLVFKDUJH�RFFXUV�LQ�WKH�RFHDQ�EH\RQG�WKH���PLOH�OLPLW�
LW�LV�VXEMHFW�WR�UHJXODWLRQ�XQGHU�6HFWLRQ�����RI�WKH�05356$�RI��������$V�UHTXLUHG�E\
WKDW�$FW��D�6HFWLRQ�����GHWHUPLQDWLRQ�ZDV�PDGH�DQG�LV�LQFOXGHG�DV�(QFORVXUH�&�RI
WKLV�(,6���,Q�DGGLWLRQ�WR�DQ�HYDOXDWLRQ�RI�ZHLU�GLVFKDUJHV�XQGHU�6HFWLRQ�����RI�WKH
&:$��ZDWHU�TXDOLW\�FHUWLILFDWLRQ�PXVW�EH�REWDLQHG�IURP�WKH�VWDWHV�RI�*HRUJLD�DQG
6RXWK�&DUROLQD�SXUVXDQW�WR�6HFWLRQ�����RI�WKDW�$FW���%RWK�6&�DQG�*$�KDYH�GHIHUUHG
WR�����ZDWHU�TXDOLW\�FHUWLILFDWLRQ�XQWLO�WKH�7LHU�,,�(,6�LV�SUHSDUHG�

7KH�VWDWHV�RI�*HRUJLD�DQG�6RXWK�&DUROLQD�KDYH�&RDVWDO�=RQH�0DQDJHPHQW��&=0�
3URJUDPV�WKDW�ZHUH�GHYHORSHG�XQGHU�WKH�&RDVWDO�=RQH�0DQDJHPHQW�$FW���6WDWHV�WKDW
KDYH�DQ�DFFHSWHG�&=0�3URJUDP�KDYH�VRPH�UHJXODWRU\�DXWKRULW\�RYHU�IHGHUDO�DFWLRQV
WKDW�PD\�DIIHFW�WKHLU�FRDVWDO�UHVRXUFHV���7KH�86$&(�PXVW�HYDOXDWH�WKH�SURSRVHG
SURMHFW·V�FRQVLVWHQF\�ZLWK�WKH�HQIRUFHDEOH�SURYLVLRQV�RI�WKRVH�&=0�3URJUDPV���7KH
SURMHFW�PXVW�DW�OHDVW�EH�FRQVLVWHQW�ZLWK�WKRVH�SURJUDPV�WR�WKH�PD[LPXP�H[WHQW
SRVVLEOH���7KH�86$&(�KDV�SURYLGHG�WKDW�GHWHUPLQDWLRQ�WR�WKH�VWDWH�&=0�3URJUDPV
DV�SDUW�RI�WKH�SXEOLF�UHYLHZ�RI�WKH�'(,6�WR�REWDLQ�WKH�VWDWHV·�FRQFXUUHQFH�LQ�WKDW
GHWHUPLQDWLRQ���7KH�6&�'+(&�2&50�DGPLQLVWHUV�WKH�&=0�3URJUDP�LQ�6RXWK
&DUROLQD���7KHLU�YLHZV�RQ�WKH�FRQVLVWHQF\�RI�WKH�SURSRVHG�SURMHFW�ZLWK�WKHLU�SURJUDP
DUH�LQFOXGHG�LQ�WKH�)LQDO�(,6���7KH�VWDWH�RI�*HRUJLD�KDV�D�&=0�3URJUDP�WKDW�ZDV
GHYHORSHG�XQGHU�WKH�*HRUJLD�&RDVWDO�0DUVKODQGV�3URWHFWLRQ�$FW���7KH�*HRUJLD�&=0
3URJUDP�KDV�UHFHQWO\�REWDLQHG�UHJXODWRU\�DXWKRULW\�RYHU�IHGHUDO�DFWLRQV���7KH
&RDVWDO�5HVRXUFHV�'LYLVLRQ�RI�WKH�*$�'15�DGPLQLVWHUV�WKH�&=0�3URJUDP�LQ
*HRUJLD��DQG�WKHLU�YLHZV�RQ�WKH�FRQVLVWHQF\�RI�WKH�SURSRVHG�SURMHFW�ZLWK�WKHLU
SURJUDP�DUH�DOVR�LQFOXGHG�LQ�WKH�7LHU�,�(,6���%RWK�6&�DQG�*$�ZLOO�KDYH�WKH
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RSSRUWXQLW\�WR�SUHSDUH�D�ILQDO�&=0�FRQVLVWHQF\�VWDWHPHQW�ZKHQ�WKH�7LHU�,,�(,6�LV
SUHSDUHG�

$OO�IHGHUDO�ZDWHU�UHVRXUFH�GHYHORSPHQW�SURMHFWV�PXVW�DOVR�EH�HYDOXDWHG�WR
GHWHUPLQH�DQ\�HIIHFWV�RQ�WKUHDWHQHG�DQG�HQGDQJHUHG�VSHFLHV�DV�UHTXLUHG�E\�WKH
(QGDQJHUHG�6SHFLHV�$FW��(6$��RI��������$�%LRORJLFDO�$VVHVVPHQW�RI�7KUHDWHQHG�DQG
(QGDQJHUHG�6SHFLHV��%$7(6��LV�LQFOXGHG�LQ�WKH�(,6�DV�(QFORVXUH�$���%RWK�WKH�86):6
DQG�WKH�10)6�KDYH�SURYLGHG�FRPPHQWV�IRU�VRPH�VSHFLHV�WKDW�PD\�EH�DIIHFWHG�E\
WKH�SURSRVHG�SURMHFW���7KH�%$7(6�ZLOO�EH�UHYLVHG�DFFRUGLQJ�WR�WKH�ILQGLQJV�RI�IXUWKHU
VWXGLHV�LQ�WKH�&('�SKDVH�DQG�ZLOO�EH�LQFOXGHG�LQ�WKH�7LHU�,,�(,6���7DEOH�����OLVWV�WKH
VWDWXV�RI�WKH�SURSRVHG�SURMHFW·V�FRPSOLDQFH�ZLWK�DSSOLFDEOH�IHGHUDO�HQYLURQPHQWDO
ODZV�DQG�SROLFLHV�

7DEOH�����5HODWLRQVKLS�RI�$OWHUQDWLYHV�WR�)HGHUDO�(QYLURQPHQWDO�5HTXLUHPHQWV

)HGHUDO�3ROLFLHV &RPSOLDQFH�6WDWXV

$QDGURPRXV�)LVK�&RQVHUYDWLRQ�$FW
���8�6�&�������HW��VHT�

,Q�FRPSOLDQFH�

$UFKDHRORJLFDO�DQG�+LVWRULF�3UHVHUYDWLRQ�$FW��DV
DPHQGHG�����8�6�&�������HW��VHT�

3DUWLDO�FRPSOLDQFH�

&OHDQ�$LU�$FW��DV�DPHQGHG�
���8�6�&������K����HW��VHT�

3DUWLDO�FRPSOLDQFH���(3$�ZLOO�UHYLHZ�WKH�(,6�XQGHU
6HFWLRQ�����RI�WKLV�$FW�

&OHDQ�:DWHU�$FW��DV�DPHQGHG
�)HGHUDO�:DWHU�3ROOXWLRQ�&RQWURO�$FW�
���8�6�&��������HW��VHT�

3DUWLDO�FRPSOLDQFH���:DWHU�4XDOLW\�&HUWLILFDWLRQ��6HFWLRQ
����E�����(YDOXDWLRQ�DQG�ZHWODQG�PLWLJDWLRQ�ZLOO�EH
FRRUGLQDWHG�ZLWK�VWDWH�DQG�)HGHUDO�DJHQFLHV�DQG�VXEMHFW
WR�D�7LHU�,,�(,6�

&RDVWDO�%DUULHU�5HVRXUFHV�$FW�
$V�DPHQGHG�����8�6�&��������HW��VHT�

,Q�FRPSOLDQFH�

&RDVWDO�=RQH�0DQDJHPHQW�$FW�
$V�DPHQGHG�����8�6�&��������HW��VHT�

3DUWLDO�FRPSOLDQFH���$�FRQVLVWHQF\�GHWHUPLQDWLRQ�KDV
EHHQ�SUHSDUHG�DQG�ZLOO�EH�FRRUGLQDWHG�ZLWK�WKH�6&
'+(&�2&50�DQG�WKH�*$�'15�&5'�

(QGDQJHUHG�6SHFLHV�$FW��DV�DPHQGHG�
���8�6�&��������HW��VHT�

3DUWLDO�&RPSOLDQFH���$�%$7(6�KDV�EHHQ�SUHSDUHG�DQG
ZLOO�EH�FRRUGLQDWHG�ZLWK�86):6�DQG�10)6�IRU�LQFOXVLRQ
LQ�WKH�7LHU�,,�(,6�

(VWXDU\�3URWHFWLRQ�$FW�
���8�6�&��������HW��VHT�

,Q�FRPSOLDQFH�

)HGHUDO�:DWHU�3URMHFW�5HFUHDWLRQ�$FW�
DV�DPHQGHG�����8�6�&�����������HW��VHT�

,Q�FRPSOLDQFH�

)LVK�DQG�:LOGOLIH�&RRUGLQDWLRQ�$FW�
$V�DPHQGHG�����8�6�&�������HW��VHT�

3DUWLDO�FRPSOLDQFH���&RRUGLQDWLRQ�KDV�RFFXUUHG�ZLWK�WKH
86):6��10)6��DQG�VWDWH�UHVRXUFH�DJHQFLHV���7KH�86):6
DQG�10)6�SUHSDUHG�FRPPHQW�OHWWHUV�WKDW�DUH�LQFOXGHG�LQ
WKLV�(,6���7KH�ILQDO�YLHZV�RI�WKH�86):6�ZLOO�EH�FRQWDLQHG
LQ�D�6HFWLRQ���E��5HSRUW�:KHQ�WKH�ILQDO�PLWLJDWLRQ�LV
SUHVHQWHG�LQ�WKH�7LHU�,,�(,6�

)LVKHU\�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�$FW�RI������
3XEOLF�/DZ�������

,Q�FRPSOLDQFH�

/DQG�DQG�:DWHU�&RQVHUYDWLRQ�)XQG�$FW�RI�������DV
DPHQGHG�����8�6�&����������HW��VHT�

,Q�FRPSOLDQFH�

0DULQH�0DPPDO�3URWHFWLRQ�$FW�
���8�6�&��������HW��VHT�

,Q�FRPSOLDQFH�

0DULQH�3URWHFWLRQ�5HVHDUFK�DQG�6DQFWXDULHV�$FW�RI
���������8�6�&��������HW��VHT�

3DUWLDO�FRPSOLDQFH���$�6HFWLRQ�����(YDOXDWLRQ�ZDV
SUHSDUHG�DQG�FRRUGLQDWHG�ZLWK�(3$�IRU�FRQFXUUHQFH�

0LJUDWRU\�%LG�&RQVHUYDWLRQ�$FW� ,Q�FRPSOLDQFH�
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���8�6�&�������HW��VHT�

0LJUDWRU\�%LUG�7UHDW�$FW�
���8�6�&�������HW��VHT�

,Q�FRPSOLDQFH�

1DWLRQDO�+LVWRULF�3UHVHUYDWLRQ�$FW�
DV�DPHQGHG�����8�6�&�����D��HW��VHT�

3DUWLDO�FRPSOLDQFH���2QO\���UHVRXUFHV��WKH�&�6�6��*HRUJLD
DQG�2OG�)RUW�-DFNVRQ��DUH�SUHVHQWO\�DIIHFWHG�E\�WKH
1DYLJDWLRQ�3URMHFW���$�GUDIW�3URJUDPPDWLF�$JUHHPHQW�LV
LQFOXGHG�WKDW�HVWDEOLVKHV�WKH�SURFHGXUHV�WKDW�ZLOO�EH
IROORZHG�WR�LGHQWLI\�DQG�PLWLJDWH�WKH�HIIHFW�RI�WKH
SURSRVHG�SURMHFW�XSRQ�FXOWXUDO�UHVRXUFHV���7KH�'(,6�DQG
UHSRUW�FRQFOXVLRQV�ZLOO�EH�FRRUGLQDWHG�ZLWK�ERWK�WKH�*$
DQG�6&�6+32V��DQG�WKH�$GYLVRU\�&RXQFLO�WR�REWDLQ�WKHLU
FRQFXUUHQFH�

)HGHUDO�3ROLFLHV &RPSOLDQFH�6WDWXV

5LYHUV�DQG�+DUERUV�$FW�
���8�6�&�������HW��VHT�

,Q�FRPSOLDQFH�

:LOG�DQG�6FHQLF�5LYHUV�$FW��DV�DPHQGHG ,Q�FRPSOLDQFH�

3ULQFLSOHV�DQG�*XLGHOLQHV��(5����������� ,Q�FRPSOLDQFH���7KH�SXEOLF�KDV�UHYLHZHG�WKH�'(,6�DQG
)HDVLELOLW\�5HSRUW�GXULQJ�WKH����GD\�FRPPHQW�SHULRG��
7KH�7LHU�,�(,6�KDV�EHHQ�ILQDOL]HG�DQG�LQFOXGHV�WKH
UHVSRQVHV�WR�FRPPHQWV���7KH�)HDVLELOLW\�5HSRUW�GHVFULEHV
WKH�SODQ�IRUPXODWLRQ�DQG�HFRQRPLF�HYDOXDWLRQV
FRQGXFWHG�DV�SDUW�RI�WKH�VWXG\�

3URWHFWLRQ�RI�:HWODQGV��(�2������� ,Q�FRPSOLDQFH�

)ORRG�3ODLQ�0DQDJHPHQW�
(�2���������:DWHU�5HVRXUFHV�&RXQFLO

,Q�FRPSOLDQFH�

([HFXWLYH�2UGHU��������RQ�(QYLURQPHQWDO�-XVWLFH ,Q�FRPSOLDQFH�

1(3$�RI�������1(3$���DV�DPHQGHG�
���8�6�&��������HW��VHT�

3DUWLDO�FRPSOLDQFH���$�'(,6�KDV�EHHQ�SUHSDUHG�DQG
FRRUGLQDWHG�ZLWK�WKH�SXEOLF���&RPSOHWLRQ�RI�(,6�SURFHVV
ZRXOG�UHVXOW�LQ�IXOO�FRPSOLDQFH�
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�� 1(3$�&RPSOLDQFH

7KH�6DYDQQDK�+DUERU�([SDQVLRQ�6WXG\�ZDV�FRQGXFWHG�LQ�DQ�RSHQ�DWPRVSKHUH�ZLWK
D�JRDO�RI�DWWDLQLQJ�XQGHUVWDQGLQJ�DQG�FRRSHUDWLRQ�IURP�DIIHFWHG�DQG�RU�LQWHUHVWHG
RUJDQL]DWLRQV�DQG�LQGLYLGXDOV���7KHUH�ZDV�D�SDUWLFXODU�IRFXV�RQ�FROODERUDWLRQ�ZLWK
VWDWH�DQG�IHGHUDO�QDWXUDO�UHVRXUFH�DJHQFLHV���*3$�IROORZHG�D�SXEOLF�LQYROYHPHQW
VWUDWHJ\�GXULQJ�WKH�VWXG\�WKDW�LQFOXGHG�RQJRLQJ�PHHWLQJV�DQG�FRQWDFWV�ZLWK
LQYROYHG�JURXSV���,Q�DGGLWLRQ��VROLFLWLQJ�DQG�LQFRUSRUDWLQJ�SXEOLF�LQSXW�LV�DQ�LQWHJUDO
SDUW�RI�WKH�1(3$�SURFHVV�XQGHUWDNHQ�E\�WKH�86$&(�IRU�WKLV�SURSRVHG�SURMHFW�

��� 6FRSLQJ

7KH�6DYDQQDK�'LVWULFW�86$&(�SXEOLVKHG�LWV�LQWHQW�WR�SUHSDUH�D�'(,6�LQ�WKH�)HGHUDO
5HJLVWHU�RQ�-XQH������������7KDW�QRWLFH�LQYLWHG�SXEOLF�FRPPHQWV�RQ�WKH�SURSRVHG
SURMHFW�DQG�SURYLGHG�QRWLILFDWLRQ�RI�DQ�XSFRPLQJ�SXEOLF�VFRSLQJ�PHHWLQJ���7KH
86$&(�DQG�*3$�MRLQWO\�KHOG�D���SDUW�VFRSLQJ�PHHWLQJ�RQ�-XO\���������DW�WKH�&RDVWDO
*HRUJLD�&HQWHU�IRU�&RQWLQXLQJ�(GXFDWLRQ�LQ�GRZQWRZQ�6DYDQQDK���,GHQWLFDO
VFRSLQJ�PHHWLQJV�ZHUH�KHOG�DW���GLIIHUHQW�WLPHV��RQH�GXULQJ�WKH�GD\�DQG�WKH�RWKHU�LQ
WKH�HYHQLQJ��WR�HQVXUH�WKDW�DOO�LQWHUHVWHG�SDUWLHV�ZRXOG�KDYH�WKH�RSSRUWXQLW\�WR
SDUWLFLSDWH���7KH�VFRSLQJ�PHHWLQJV�ZHUH�DGYHUWLVHG�LQ�WKH�ORFDO�QHZVSDSHU�ZLWK�WKH
ODUJHVW�FLUFXODWLRQ���3UHVHQWDWLRQV�DW�WKH�PHHWLQJV�FRQVLVWHG�RI���LQIRUPDWLRQ�ERRWKV�
VHW�XS�LQ�D�ODUJH�RSHQ�URRP���7KH�ERRWKV�LQFOXGHG�SLFWXUHV��PDSV��DQG�ZULWWHQ
LQIRUPDWLRQ�UHJDUGLQJ�WKH�SURSRVHG�SURMHFW���(DFK�ERRWK�IRFXVHG�RQ�D�VSHFLILF�DUHD
RI�LQWHUHVW��LQFOXGLQJ�QDWXUDO�UHVRXUFHV��HQJLQHHULQJ��DUFKDHRORJLFDO�KLVWRULFDO�
FXOWXUDO�FRQVLGHUDWLRQV��DQG�VR�IRUWK���2QH�RU�PRUH�SURMHFW�UHSUHVHQWDWLYHV�ZHUH
VWDWLRQHG�DW�HDFK�ERRWK�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�PHHWLQJV���7KHVH�SURMHFW
UHSUHVHQWDWLYHV�DQVZHUHG�TXHVWLRQV�WKDW�ZHUH�DVNHG�E\�WKH�SDUWLFLSDQWV��DQG�DOVR
PDGH�UHFRUGV�RI�WKH�FRQFHUQV�DQG�VWDWHPHQWV�PDGH�E\�WKH�SDUWLFLSDQWV���$WWHQGHHV�RI
WKH�PHHWLQJV�ZHUH�LQYLWHG�WR�SURYLGH�FRPPHQWV�DQG�VXJJHVWLRQV�RQ�WKH�VWXG\�VFRSH
DQG�LVVXHV�WKDW�WKH\�EHOLHYHG�ZHUH�LPSRUWDQW���3DUWLFLSDQWV�ZHUH�JLYHQ�WKH
RSSRUWXQLW\�WR�UHDG�WKHLU�VWDWHPHQWV�LQWR�WKH�UHFRUG���$�FRXUW�UHSRUWHU�ZDV�SUHVHQW
IRU�WKLV�SXUSRVH���$SSUR[LPDWHO\�����SHRSOH�DWWHQGHG�WKH�VHVVLRQ���$�WRWDO�RI�RYHU
����ZULWWHQ�FRPPHQWV�ZHUH�UHFHLYHG�DV�D�UHVXOW�RI�WKH�PHHWLQJ���7RSLFV�DGGUHVVHG
LQFOXGHG�SURMHFW�OLPLWV��QDWXUDO�UHVRXUFHV��FXOWXUDO�UHVRXUFHV��DQG�VXSSRUW�IRU�WKH
SURMHFW���$�YDULHW\�RI�QDWXUDO�UHVRXUFH�FRQFHUQV�ZHUH�LGHQWLILHG���7KHVH�LVVXHV�DUH
DGGUHVVHG�LQ�WKLV�(,6���

7KH�RYHUZKHOPLQJ�QXPEHU�RI�FRPPHQWV�UHFHLYHG�GXULQJ�WKH�VFRSLQJ�SURFHVV
DGGUHVVHG���PDMRU�FXOWXUDO�UHVRXUFHV�WKDW�H[LVW�LQ�WKH�SURMHFW�DUHD���WKH�&�6�6��*HRUJLD
DQG�2OG�)RUW�-DFNVRQ��VHH�FXOWXUDO�UHVRXUFHV�VHFWLRQ�IRU�GHVFULSWLRQ�RI�WKHVH
UHVRXUFHV����7KH�&RDVWDO�+HULWDJH�6RFLHW\��D�6DYDQQDK��*HRUJLD��RUJDQL]DWLRQ�DQG�WKH
RSHUDWRU�RI�2OG�)RUW�-DFNVRQ��PRELOL]HG�WKHLU�PHPEHUVKLS�DQG�WR�GDWH
DSSUR[LPDWHO\�������FRPPHQWV�KDYH�EHHQ�UHFHLYHG�UHODWHG�WR�WKHVH�UHVRXUFHV���0RVW
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RI�WKHVH�FRPPHQWV�VWUHVV�WKH�QHHG�WR�DGHTXDWHO\�HYDOXDWH�DQG�DGGUHVV�WKHVH�XQLTXH
VLWHV��EXW�VXSSRUW�WKH�SURSRVHG�DFWLRQV�WR�EH�WDNHQ�E\�WKH�SURMHFW�

(DUO\�LQ�WKH�VWXG\��*3$�DQG�86$&(�KHOG�IRUXPV�IRU�EULHILQJ�DQG�GLVFXVVLRQ�RI�WKH
SURSRVHG�GHHSHQLQJ�DFWLYLWLHV���$Q�LQLWLDO�PHHWLQJ�ZDV�KHOG�LQ�ZKLFK�JURXSV�DQG
LQGLYLGXDOV�ZHUH�LQYLWHG��ZKR�LQ�WKH�SDVW�KDG�H[SUHVVHG�LQWHUHVW�LQ�WKH�6DYDQQDK
+DUERU���7KH�PHHWLQJ�ZDV�KHOG�DW�6DYDQQDK�'LVWULFW�86$&(�RIILFHV���3URMHFW
UHSUHVHQWDWLYHV�ZHUH�SUHVHQW�DQG�LQFOXGHG�VWDII�IURP�*3$��/*(��$70��DQG�WKH
86$&(�

��� &RRUGLQDWLRQ

,Q�DGGLWLRQ�WR�WKH�JHQHUDO�VFRSLQJ�PHHWLQJV��D�VHULHV�RI�WHFKQLFDO�PHHWLQJV�ZHUH�KHOG
IRFXVLQJ�RQ�WKH�SURMHFW·V�FKDUDFWHUL]DWLRQ�RI�WKH�6DYDQQDK�5LYHU�HVWXDULQH
HFRV\VWHP���7KHVH�PHHWLQJV�ZHUH�ZHOO�DWWHQGHG�E\�ORFDO��VWDWH��DQG�IHGHUDO�DJHQF\
VWDII���,Q�SDUWLFXODU��WKHVH�PHHWLQJV�IRFXVHG�RQ�WKH�FRPSXWHU�PRGHOLQJ�DQG�ILHOG�GDWD
FROOHFWLRQ�DFWLYLWLHV�WKDW�ZHUH�EHLQJ�FRQGXFWHG�WR�XQGHUVWDQG�WKH�K\GURG\QDPLF�
FKHPLFDO��DQG�ELRORJLFDO�DVSHFWV�DQG�VHQVLWLYLWLHV�RI�WKH�6DYDQQDK�5LYHU�HVWXDU\���7KH
JURXS�RI�DWWHQGHHV�ZDV�FDOOHG�WKH�7HFKQLFDO�$GYLVRU\�*URXS��DV�*3$�DQG�LWV
FRQVXOWDQWV�VRXJKW�DGYLFH�RQ�WKH�WHFKQLFDO�DVSHFWV�RI�WKH�K\GURG\QDPLF�PRGHO
GHYHORSPHQW�

6HYHUDO�PHHWLQJV�ZHUH�DOVR�KHOG�ZLWK�VWDWH�DQG�IHGHUDO�UHVRXUFH�DJHQF\�VWDII�WR
GLVFXVV�KRZ�WKH�UHVXOWV�RI�WKH�K\GURG\QDPLF�PRGHO�VKRXOG�EH�DSSOLHG�WR�HYDOXDWH
SRWHQWLDO�ELRORJLFDO�LPSDFWV�RQ�WKH�HVWXDULQH�HFRV\VWHP���7KLV�JURXS�ZDV�FDOOHG�WKH
1DWXUDO�5HVRXUFHV�*URXS�DQG�ZDV�LQVWUXPHQWDO�LQ�VHOHFWLQJ�ULYHU�IORZV�IRU�FULWLFDO
ELRORJLFDO�SHULRGV���7KRVH�IORZV�ZHUH�XVHG�LQ�WKH�K\GURG\QDPLF�PRGHO�UXQV�WKDW
SUHGLFWHG�WKH�LPSDFWV�RI�WKH�SURSRVHG�SURMHFW�

,Q�2FWREHU�������6DYDQQDK�'LVWULFW�86$&(�DVVLVWHG�*3$·V�FRQVXOWDQW�LQ�GHYHORSLQJ
D�6DPSOLQJ�DQG�$QDO\VLV�3ODQ�IRU�VDPSOLQJ�RI�VHGLPHQWV�WKDW�ZRXOG�EH�H[FDYDWHG
GXULQJ�D�KDUERU�GHHSHQLQJ�SURMHFW���7KDW�SODQ�ZDV�FRRUGLQDWHG�ZLWK�WKH�(3$�5HJLRQ
���86):6��10)6��*$�'15��DQG�6&�'15��6&�'+(&�2&50��DQG�6RXWK�&DUROLQD
'LYLVLRQ�RI�:DWHU�4XDOLW\�EHIRUH�DQ\�VHGLPHQW�VDPSOLQJ�RU�ODERUDWRU\�WHVWLQJ�ZDV
SHUIRUPHG�

,Q�1RYHPEHU�������*3$�SUHVHQWHG�DQ�,QWHULP�6XEPLWWDO�WR�QDWXUDO�UHVRXUFH
DJHQFLHV��SURYLGLQJ�WKH�PHWKRGRORJ\�DQG�SUHOLPLQDU\�ILQGLQJV�RI�WKH�SURMHFW
VWXGLHV��$�IRUPDO�SUHVHQWDWLRQ�ZDV�JLYHQ�WR�WKH�6DYDQQDK�'LVWULFW�86$&(�RQ
1RYHPEHU�����������DW�ZKLFK�WKH�SURMHFW�WHDP�SUHVHQWHG�WKHLU�ILQGLQJV�WR�GDWH��
1DWXUDO�UHVRXUFH�DJHQFLHV�SURYLGHG�YHU\�XVHIXO�LQSXW�LQ�UHVSRQVH�WR�WKH�,QWHULP
6XEPLWWDO���7KLV�LQSXW�ZDV�XVHG�WR�UHILQH�WKH�EUHDGWK�RI�WKH�PRGHOLQJ�UXQV�

2Q�-DQXDU\���DQG����������WKH�VWXG\�WHDP�KHOG�PHHWLQJV�RI�WKH�7HFKQLFDO�$GYLVRU\
*URXS�DQG�1DWXUDO�5HVRXUFHV�*URXS����2Q�-DQXDU\����WKH�JURXS�IRFXVHG�RQ�WKH
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UHVXOWV�RI�WKH�PRGHOLQJ�UXQV��ZKLOH�WKH�IRFXV�RI�WKH�-DQXDU\���PHHWLQJ�ZDV�WKH
ELRORJ\�RI�WKH�VWXG\�DUHD��ZLWK�VSHFLDO�HPSKDVLV�RQ�YHJHWDWLRQ�DQG�ILVK�

*3$�SURYLGHG�D�3UHOLPLQDU\�(,6�WR�QDWXUDO�UHVRXUFH�DJHQFLHV�LQ�)HEUXDU\��������7KDW
GRFXPHQW�GHVFULEHG�WKH�HQYLURQPHQWDO�ZRUN�FRQGXFWHG�E\�*3$·V�FRQVXOWDQWV�DQG
SURYLGHG�WKHLU�DVVHVVPHQW�RI�WKH�H[SHFWHG�LPSDFWV�IURP�WKH�SURSRVHG�KDUERU
GHHSHQLQJ���*3$�KHOG�D�3URMHFW�5HYLHZ�:RUNVKRS�LQ�6DYDQQDK�RQ�)HEUXDU\����DQG
����������WR�UHYLHZ�DQG�GLVFXVV�WKHLU�VWXG\�ILQGLQJV���$WWHQGHHV�LQFOXGHG
UHSUHVHQWDWLYHV�RI�WKH�86$&(��:DVKLQJWRQ��$WODQWD�DQG�6DYDQQDK�RIILFHV���86):6
�6DYDQQDK�&RDVWDO�5HIXJHV�DQG�&KDUOHVWRQ�+DELWDW�(YDOXDWLRQ�2IILFH���10)6��86*6
�%LRORJLFDO�5HVRXUFHV�'LYLVLRQ���*$�'15��&RDVWDO�5HVRXUFHV�'LYLVLRQ�DQG�:LOGOLIH
5HVRXUFHV�'LYLVLRQ���6&�'15��DQG�WKH�8QLYHUVLW\�RI�*HRUJLD�&RRSHUDWLYH�)LVK�DQG
:LOGOLIH�5HVHDUFK�8QLW���7KH�JURXS�ZDV�EULHIHG�RQ�WKH�DVVXPSWLRQV��PHWKRGRORJLHV�
DQG�FRQFOXVLRQV�RI�HDFK�PDMRU�SRUWLRQ�RI�WKH�VWXG\���$WWHQGHHV�SURYLGHG�ERWK�YHUEDO
FRPPHQWV�DV�SDUW�RI�WKH�PHHWLQJ�DQG�ZULWWHQ�FRPPHQWV�VRRQ�DIWHU�WKH�PHHWLQJ���7KH
86$&(�GHYHORSHG�JXLGHOLQHV�IRU�UHPDLQLQJ�VWXG\�DFWLRQV�OHDGLQJ�WR�SXEOLF�UHYLHZ
RI�WKH�)HDVLELOLW\�5HSRUW�DQG�86$&(�'(,6���$IWHU�WKH�PHHWLQJ��WKH�VWXG\�WHDP
SURYLGHG�FRSLHV�RI�WKH�GUDIW�/DERUDWRU\�$SSHQGL[��'UHGJHG�0DWHULDO�(QYLURQPHQWDO
(IIHFWV�(YDOXDWLRQ��DQG�$OWHUQDWLYH�2FHDQ�'UHGJHG�0DWHULDO�3ODFHPHQW�6WXG\�WR
QDWXUDO�UHVRXUFH�DJHQFLHV�IRU�WKHLU�SUHOLPLQDU\�UHYLHZ���7KRVH�GRFXPHQWV�ZHUH
SUHOLPLQDU\�LQ�QDWXUH��EXW�KDG�EHHQ�XVHG�E\�*3$·V�FRQVXOWDQWV�LQ�WKHLU�HYDOXDWLRQ�RI
SRWHQWLDO�SURMHFW�LPSDFWV�

��� 3XEOLF�5HYLHZ

����� 5HYLHZ�RI�)HDVLELOLW\�5HSRUW�DQG�(,6

7KURXJKRXW�WKH�IHDVLELOLW\�VWXG\��QXPHURXV�PHHWLQJV�ZHUH�KHOG�RI�WKH�7HFKQLFDO
$GYLVRU\�*URXS��1DWXUDO�5HVRXUFHV�$GYLVRU\�*URXS��DQG�VSHFLDO�PHHWLQJV�EHWZHHQ
VWXG\�SDUWLFLSDQWV�RQ�VSHFLDOL]HG�LVVXHV���$�FULWLFDO�PHHWLQJ�ZDV�KHOG�RQ������
)HEUXDU\������LQ�6DYDQQDK��*HRUJLD��WR�GLVFXVV�WKH�6HFWLRQ�����VWXG\��
5HSUHVHQWDWLYHV�IURP�+HDGTXDUWHUV��8�6��$UP\�&RUSV�RI�(QJLQHHUV��&(&:���6RXWK
$WODQWLF�'LYLVLRQ��6DYDQQDK�'LVWULFW��*HRUJLD�3RUWV�$XWKRULW\��*3$��DQG�WKHLU�VWXG\
FRQVXOWDQWV��DQG�NH\�UHVRXUFH�DJHQFLHV�UHYLHZHG�WKH�SUHOLPLQDU\�GUDIWV�RI�WKH
(QYLURQPHQWDO�,PSDFW�6WDWHPHQW��(,6���(QJLQHHULQJ�$SSHQGL[��(FRQRPLF�$SSHQGL[�
DQG�5HDO�(VWDWH�$SSHQGL[���$W�WKH�WLPH�RI�WKH�PHHWLQJ��WKH�GUDIW�PDLQ�)HDVLELOLW\
5HSRUW�KDG�QRW�EHHQ�ZULWWHQ��

7KHUH�ZHUH�UHODWLYHO\�PLQRU�FRPPHQWV�DQG�GLVFXVVLRQ�RI�WKH�UHDO�HVWDWH��HQJLQHHULQJ�
DQG�HFRQRPLF�DSSHQGLFHV��ZKLFK�ZHUH�DGGUHVVHG�LQ�D�VXPPDU\�RI�:DVKLQJWRQ
/HYHO�5HYLHZ�&HQWHU�&RPPHQWV���7KH�SUHOLPLQDU\�GUDIW�(,6��LQFOXGLQJ�LQLWLDO�ZDWHU
TXDOLW\�PRGHOLQJ�UHVXOWV��LQGLFDWHG�D�KDUERU�H[SDQVLRQ�SURMHFW�ZRXOG�OLNHO\�UHVXOW�LQ
WKH�IROORZLQJ�HQYLURQPHQWDO�DQG�FXOWXUDO�UHVRXUFHV�LPSDFWV�
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� 6DOLQLW\�LQFUHDVHV�XSVWUHDP

� 'LVVROYHG�R[\JHQ�LPSDFWV

� ,PSDFWV�WR�2OG�)RUW�-DFNVRQ

� ,PSDFWV�WR�&66�*(25*,$

3URSRVHG�FXOWXUDO�UHVRXUFHV�PLWLJDWLRQ�SODQV�LQFOXGHG�SURWHFWLRQ�RI�D�SRUWLRQ�RI�2OG
)RUW�-DFNVRQ�DQG�DUFKDHRORJLFDO�GDWD�UHFRYHU\�RI�WKH�&66�*(25*,$���$�GHILQLWLYH
HQYLURQPHQWDO�PLWLJDWLRQ�SODQ�ZDV�QRW�SUHVHQWHG�DW�WKH�PHHWLQJ�DQG�ZDV�QRW
LQFOXGHG�LQ�WKH�SUHOLPLQDU\�GUDIW�(,6�EHFDXVH�DGGLWLRQDO�VWXGLHV�DQG�ZDWHU�TXDOLW\
PRGHOLQJ�ZHUH�XQGHUZD\�WR�GHILQH�VSDWLDO�DQG�TXDQWLWDWLYH�LPSDFWV�RI�VDOLQLW\�DQG
GLVVROYHG�R[\JHQ�LQ�WKH�6DYDQQDK�HVWXDU\���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH
�86)	:6��UHSUHVHQWDWLYHV�H[SUHVVHG�VWURQJ�FRQFHUQ�WKDW�WKH�GUDIW�GRFXPHQWV
DSSHDUHG�WR�LQGLFDWH�WKHUH�ZRXOG�EH�QR�VLJQLILFDQW�HQYLURQPHQWDO�LPSDFWV
DVVRFLDWHG�ZLWK�D�KDUERU�H[SDQVLRQ�SURMHFW�ZKHQ�WKH�DFWXDO�LPSDFWV�KDG�QRW�\HW�EHHQ
GHWHUPLQHG���7KH�UHVRXUFH�DJHQFLHV�DJUHHG�WR�SURYLGH�FRPPHQWV�RQ�WKH�GUDIW
GRFXPHQWV��SDUWLFXODUO\�WKH�ZDWHU�TXDOLW\�PRGHO�DQG�SUHOLPLQDU\�GUDIW�(,6�

,W�ZDV�DJUHHG�WKDW�ZKHQ�WKH�GUDIW�PDLQ�)HDVLELOLW\�5HSRUW�ZDV�SUHSDUHG��LW�ZRXOG
LQFOXGH�D�SURSRVHG�HQYLURQPHQWDO�PLWLJDWLRQ�SODQ���7KH�VXSSRUWLQJ�GRFXPHQWV�SOXV
WKH�(,6�ZRXOG�EH�UHYLVHG�WR�UHIOHFW�DGGLWLRQDO�HQYLURQPHQWDO�LQIRUPDWLRQ�REWDLQHG��D
IXUWKHU�HYDOXDWLRQ�RI�SRWHQWLDO�HQYLURQPHQWDO�LPSDFWV��DQG�D�SUHOLPLQDU\�PLWLJDWLRQ
SODQ�

2Q����0DUFK�������UHSUHVHQWDWLYHV�RI�WKH�*HRUJLD�3RUWV�$XWKRULW\�DQG�WKHLU
FRQVXOWDQWV��6DYDQQDK�'LVWULFW��86)	:6��DQG�*HRUJLD�'HSDUWPHQW�RI�1DWXUDO
5HVRXUFHV��*$'15��PHW�WR�UHYLHZ�DQ�LQLWLDO�HQYLURQPHQWDO�PLWLJDWLRQ�SODQ�ZKLFK
DGGUHVVHG�IRXU�PDMRU�LVVXHV�

� 6KRUWQRVH�VWXUJHRQ

� )UHVKZDWHU�PDUVK

� 6DOWZDWHU�ZHWODQGV

� 6WULSHG�EDVV�KDELWDW

7KLV�PLWLJDWLRQ�SODQ�LV�HVVHQWLDOO\�WKH�VDPH�SODQ�DV�SUHVHQWHG�LQ�WKLV�(,6�IRU�WKH
3URSRVHG�3ODQ���7KH�SDUWLHV�DJUHHG�WR�VRPH�DGGLWLRQDO�ZDWHU�TXDOLW\�PRGHOLQJ�DQG
VWXGLHV�WR�EH�FRQGXFWHG�GXULQJ�WKH�UHPDLQGHU�RI�WKH�IHDVLELOLW\�VWXG\�DQG�WKH
HQJLQHHULQJ�DQG�GHVLJQ�SKDVH�WR�UHILQH�WKH�GHWDLOV�RI�WKH�PLWLJDWLRQ�SODQ���86)	:6
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VWDWHG�WKDW�WKHLU�RYHUULGLQJ�FRQFHUQ�LV�SURWHFWLRQ�RI�WKH�6DYDQQDK�1DWLRQDO�:LOGOLIH
5HIXJH�

%DVHG�XSRQ�VXEVHTXHQW�GLVFXVVLRQV��86)	:6�UHPDLQHG�FRQFHUQHG�WKDW�WKH
DYDLODEOH�LQIRUPDWLRQ�ZDV�LQVXIILFLHQW�WR�GHWHUPLQH�DQ�DSSURSULDWH�PLWLJDWLRQ�SODQ�
LQFOXGLQJ�SRVVLEOH�XQLQWHQGHG�DGYHUVH�LPSDFWV�RI�VRPH�RI�WKH�PLWLJDWLRQ�SODQ
IHDWXUHV���$GGLWLRQDO�FRRUGLQDWLRQ�FRQWLQXHV�WRZDUG�UHVROXWLRQ�RI�WKHVH�FRQFHUQV��
86)	:6�SURYLGHG�WKHLU�YLHZV�DQG�UHFRPPHQGDWLRQV�ZKHQ�WKH�GUDIW�)HDVLELOLW\
5HSRUW�DQG�GUDIW�(,6�ZHUH�UHOHDVHG�IRU�SXEOLF�UHYLHZ�DQG�FRPPHQW�

7KH�SUHOLPLQDU\�GUDIW�(,6�DOVR�FRQFOXGHG�WKHUH�LV�D�SRVVLELOLW\�WKDW�D�KDUERU
H[SDQVLRQ�SURMHFW�PLJKW�UHVXOW�LQ�HOHYDWHG�FKORULGH�OHYHOV�DW�WKH�FLW\�RI�6DYDQQDK
ZDWHU�LQWDNH�RQ�$EHUFRUQ�&UHHN���6XEVHTXHQW�WR�GLVFXVVLRQV�ZLWK�WKH�&LW\��*3$
DJUHHG�WKDW�WKH�IHDVLELOLW\�VWXG\�ZRXOG�LQFOXGH�VSHFLILF�LQYHVWLJDWLRQV�WR�GHWHUPLQH�LI
D�KDUERU�GHHSHQLQJ�SURMHFW�ZRXOG�OLNHO\�UHVXOW�LQ�DQ�LQFUHDVH�LQ�FKORULGH�OHYHOV�DW�WKH
ZDWHU�LQWDNH���,I�LW�LV�GHWHUPLQHG�WKDW�VXFK�LPSDFWV�DUH�FOHDUO\�OLNHO\�WR�RFFXU�DV�D
UHVXOW�RI�WKH�SURMHFW��WKH�KDUERU�GHHSHQLQJ�SURMHFW�ZLOO�LQFOXGH��DV�D�SURMHFW�FRVW�
DSSURSULDWH�PHDVXUHV�WR�DGGUHVV�WKRVH�LPSDFWV���7KH�&LW\�LQGLFDWHG�WKH�PRVW
H[WUHPH��DQG�FRVWO\��PHDVXUH�ZRXOG�EH�UHORFDWLRQ�RI�WKH�LQWDNH���+RZHYHU��XQOHVV�WKH
VXEVHTXHQW�LQYHVWLJDWLRQV�GHWHUPLQH�WKHUH�LV�D�FOHDU�UHODWLRQVKLS�RI�OLNHO\�LPSDFWV
UHVXOWLQJ�IURP�D�KDUERU�GHHSHQLQJ�SURMHFW��WKHUH�ZRXOG�EH�QR�EDVLV�WR�IXQG�DQG
LPSOHPHQW�DQ\�FRUUHFWLYH�PHDVXUHV���$OWHUQDWLYHO\��LI�GLUHFW�LPSDFWV�DUH�OLNHO\�WR
UHVXOW��RWKHU�OHVV�FRVWO\�RU�PRUH�DSSURSULDWH�FRUUHFWLYH�PHDVXUHV�PD\�EH�WDNHQ�

$QRWKHU�FRQFHUQ�H[SUHVVHG�E\�WKH�&LW\�RI�6DYDQQDK�DQG�VRPH�ORFDO�LQGXVWULHV
LQYROYHG�DQ�LPSDFW�RQ�H[LVWLQJ�ZDVWHZDWHU�GLVFKDUJHUV�FDXVHG�E\�WKH�SUHGLFWHG
UHGXFWLRQ�LQ�GLVVROYHG�R[\JHQ�OHYHOV���$�FRQFHSWXDO�HYDOXDWLRQ�RI�SRWHQWLDO
PLWLJDWLRQ�DOWHUQDWLYHV�ZDV�DOVR�SUHVHQWHG�E\�WKH�LQGXVWULHV���3RWHQWLDO�PLWLJDWLRQ�IRU
'2�LPSDFWV�LQFOXGHV�DQ�DHUDWLRQ�V\VWHP�LQ�FULWLFDO�DUHDV�RI�WKH�6DYDQQDK�+DUERU�

7KH�UHSRUW�DQG�(,6�ZHUH�DOVR�PDGH�DYDLODEOH�WR�DOO�NQRZQ�SULYDWH�FLWL]HQV�
RUJDQL]DWLRQV��DQG�RWKHUV�ZKR�KDYH�DQ�LQWHUHVW�LQ�6DYDQQDK�+DUERU�DQG�SURSRVHG
KDUERU�LPSURYHPHQWV�

����� 'UDIW�5HSRUW�5HYLHZ�3URFHVV

7KH�'(,6�KDV�EHHQ�FRRUGLQDWHG�ZLWK�WKH�IROORZLQJ�DJHQFLHV�IRU�RIILFLDO�FRPPHQW�

)HGHUDO
)LVK�DQG�:LOGOLIH�6HUYLFH�

)LVK�DQG�:LOGOLIH�(QKDQFHPHQW�2IILFH
6DYDQQDK�&RDVWDO�5HIXJHV

1DWLRQDO�0DULQH�)LVKHULHV�6HUYLFH�
+DELWDW�&RQVHUYDWLRQ�'LYLVLRQ
3URWHFWHG�6SHFLHV�'LYLVLRQ
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(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��5HJLRQ���
2IILFH�RI�)HGHUDO�$FWLYLWLHV

$GYLVRU\�&RXQFLO�RQ�+LVWRULF�3UHVHUYDWLRQ

*HRUJLD
'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�

&RDVWDO�5HVRXUFHV�'LYLVLRQ
(QYLURQPHQWDO�3URWHFWLRQ�'LYLVLRQ
:LOGOLIH�5HVRXUFHV�'LYLVLRQ

'HSDUWPHQW�RI�7UDQVSRUWDWLRQ
6WDWH�+LVWRULF�3UHVHUYDWLRQ�2IILFHU

6RXWK�&DUROLQD
'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
'HSDUWPHQW�RI�+HDOWK�DQG�(QYLURQPHQWDO�&RQWURO�

2IILFH�RI�2FHDQ�DQG�&RDVWDO�5HVRXUFHV�0DQDJHPHQW
'LYLVLRQ�RI�:DWHU�4XDOLW\�DQG�6KHOOILVK�0DQDJHPHQW

6WDWH�+LVWRULF�3UHVHUYDWLRQ�2IILFHU

2WKHU
&KDWKDP�&RXQW\��*HRUJLD
-DVSHU�&RXQW\��6RXWK�&DUROLQD
&LW\�RI�6DYDQQDK��*HRUJLD
&LW\�RI�7\EHH�%HDFK��*HRUJLD
*HRUJLD�&RQVHUYDQF\
6LHUUD�&OXE
2JHHFKHH�$XGXERQ�6RFLHW\
&RDVWDO�+HULWDJH�6RFLHW\
6DYDQQDK�&KDPEHU�RI�&RPPHUFH�

0DULWLPH�&RXQFLO
6DYDQQDK�3LORWV�$VVRFLDWLRQ

$�QRWLFH�RI�DYDLODELOLW\�RI�WKH�'(,6�ZDV�SXEOLVKHG�LQ�WKH�)HGHUDO�5HJLVWHU���$�QRWLFH
RI�DYDLODELOLW\�ZDV�DOVR�VHQW�WR�WKRVH�LQGLYLGXDOV�DQG�RUJDQL]DWLRQV�WKDW�DUH�RQ�WKH
5HJXODWRU\�PDLOLQJ�OLVW�RI�HLWKHU�6DYDQQDK�RU�&KDUOHVWRQ�'LVWULFW�86$&(���7KH
86$&(�GLVWULFW�RIILFHV�XVH�WKRVH�OLVWV�WR�SURYLGH�LQIRUPDWLRQ�WR�LQGLYLGXDOV�DQG
RUJDQL]DWLRQV�WKDW�SUHYLRXVO\�H[SUHVVHG�DQ�LQWHUHVW�LQ�SURSRVHG�86$&(�DFWLYLWLHV��
7KH�'(,6�ZDV�DYDLODEOH�IRU�SXEOLF�FRPPHQW�IRU����GD\V�DIWHU�WKH�QRWLFH�ZDV�UHOHDVHG�
�$����GD\�H[WHQVLRQ�RI�WKH�FRPPHQW�SHULRG�ZDV�JUDQWHG�DW�WKH�UHTXHVW�RI�VHYHUDO
SXEOLF�DQG�SULYDWH�LQWHUHVWV���1XPHURXV�FRPPHQWV�ZHUH�UHFHLYHG�DQG�DUH�LQFOXGHG
DORQJ�ZLWK�WKHLU�UHVSRQVHV�LQ�(QFORVXUH�+�
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$V�SDUW�RI�WKH�ZDWHU�TXDOLW\�FHUWLILFDWLRQ�SURFHVV��DQ�DGGLWLRQDO�SXEOLF�QRWLFH�ZLOO�EH
UHTXLUHG���7KLV�ZLOO�EH�SXEOLVKHG�LQ�WKH�6DYDQQDK�GDLO\�SDSHUV�VWDWLQJ�WKDW�WKH�6&
'+(&�ZRXOG�UHFHLYH�FRPPHQWV�FRQFHUQLQJ�WKHLU�SURSRVHG�FHUWLILFDWLRQ�RI�WKH
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6WDWLRQ��9LFNVEXUJ��06�������
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10)6������6\QRSVLV�RI�%LRORJLFDO�'DWD�RQ�6KRUWQRVH�6WXUJHRQ��$FLSHQVHU�EUHYLURVWUXP
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LQ�VSKHULFDO�FRRUGLQDWHV�IRU�FRDVWDO�VHDV����'HSDUWPHQW�RI�2FHDQ�(QJLQHHULQJ��8QLYHUVLW\
RI�5KRGH�,VODQG��1DUUDJDQVHWW��5KRGH�,VODQG�
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